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INDUSTRY IN THE MODERN 
STATE 


HE survey of the relations between government 

and privately owned industry which was issued 
by Political and Economic Planning in February* is 
the result of more than two years work by PEP, 
assisted by a group of senior industrialists, economists 
and others. The text of the report was completed 
before the dissolution of Parliament last autumn, and 
most of it was already in print by the time the 
general election was held. Essentially it is a critical 
and descriptive stocktaking of the forms of govern- 
ment intervention, the links between the government 
end the private firm and the effects of intervention 
on the behaviour, the organization and the attitudes 
of industry. It is in general factual, and no attempt 
is made to argue the rights or wrongs of government 
intervention into the affairs of industry, to attack 
or defend the policy of successive governments. At 
least to some extent it reveals the dynamic character 
of those relations, and the price which has had to be 
paid for State intervention. But without entering on 
the question whether the price is justified or not, the 
main conclusion is reached that, if the government 
and its departments on one hand, and industry on 
the other, are to work together satisfactorily in 
future—in a Britain no longer enjoying its former 
abundance of resources but whose standards have 
risen considerably—a good deal of adjustment in the 
relations between government and industry is still 
needed. 

Those parts of the report which the scientific 
worker and technologist will find of most interest are 
the chapters which survey the growth of government 
intervention and which review in succession govern- 
ment organization, the forms of liaison, the informa- 
tion aspect, and industrial organization. There are 
also chapters on capital and investment, exports and 
imports, production and the home market and on the 
firm itself, indicating the way in which government 
policy reacts on industrial policy and development. 
The control of investment is discussed at some 
length in an appendix which emphasizes the improb- 
ability of any government being prepared to abandon 
physical controls. Control over resources for the 
production of movable capital goods must continue 
to be supplemented by building licensing and by the 
Capital Issues Committee at least until rearmament 
is complete. Meanwhile, the various parts of the 
system of control, financial and physical, should be 
treated as parts of a single whole, a matter requiring 
great ingenuity ; and the report insists that Britain 
is now paying a high price for the deflationary 
policies of the past. 

Accepting the inevitability of State intervention 
and control, the questions to be asked are the extent 
and limits of that control from the point of view of 
the long-term national interest, and the appropriate- 
ness of the measures at present being used for the 
purposes they are intended to secure. The report 
a Survey of the Relations between 
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throws a good deal of light on these questions with- 
out either formulating them more precisely or 
supplying a full answer. Its criticism falls about 
equally on both sides. There are recognizable and 
remediable faults in the organization of the depart- 
ments of government and in the methods they use in 
handling cases and influencing the decisions of 
industry. Similarly, the indusirialist who complains 
of frustration often has only himself to blame, 
frequently failing to distinguish between the political 
and the administrative content of government action. 
But while many industrialists could save themselves 
much trouble and frustration simply by taking care 
to understand the administrative organization at 
work, the government on its side could do much more 
than it does to explain the workings of its depart- 
mental organization. For a department in constant 
touch with the public, nothing destroys confidence 
more surely than secrecy. 

The suggestions made throughout this report for 
improving the relations between government depart- 
ments and the industrialist are necessarily in general 
terms, and for that reason may well stimulate the 
asking of the more searching questions that Sir 
Ernest Barker’s ‘Principles of Social and Political 
Theory” seeks to illuminate. The initial review 
by Political and Economic Planning of a govern- 
ment intervention leads, for example, to a discussion 
of four principal points. How much can a centrally 
controlled system of economic planning hope to 
achieve in a mixed economy ? How much does the 
existing system cost, directly and indirectly, to 
edminister ? What attitudes of mind does it create 
between the government and its departments on one 
side, and the men who take the decisions in industry 
on the other ? Lastly, what immediate modifications 
could be made to improve its working ? 

In regard to the first, the dilemma of planning is 
recognized, and the report frankly admits that central 
planning cannot be exact; decisions made by the 
central authority can be in broad terms only, and if 
they attempt to go into detail are as likely to be 
wrong as right. Such an admission, however, has 
administrative consequences. Flexibility in operation 
is demanded both for ease in administration and 
also—which is more’ important— for its bearing on 
the second and third points. 

The report admits that no exact estimate of the 
cost of government intervention is possible, and the 
chief value of its comments here is perhaps in the 
stress laid on the indirect costs which the government 
side is apt to overlook. Nor is precision possible in 
regard to the question of attitudes, though here 
PEP probes deeper and its comments on the 
resolution or minimizing of conflicts of interest could 
well be set in a wider context. Its suggestions can 
scarcely have full effect except in a general political 
climate which favours cordiality and co-operation. 
The report, by implication, firmly rebukes those who 
seek in any way to destroy the very great measure 
of co-operation which has, in fact, already been 
achieved : indeed, such co-operation is to be attributed 
as much to some of the most influential employers 
and trade association officials as to those on the 
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government side who have sought to direct policy so 
as to minimize the conflicts, and to convince industry 
that more is to be gained by co-operation with the 
government and its departments than by adopting 
an intractable attitude. 

While many of the actual points of contact between 
government and industry give rise to no controversy, 
PE P wisely points out that there are other matters 
which derive from the political character of whatever 
government is in office, and which are not acceptable 
to industry, just as some of the acts and policies of 
sectors of industry may be unacceptable to the 
government of the day. To admit the differences 
may be the best way of narrowing them, or at least of 
extending the area of common ground, and Planning 
suggests that the expression ‘non-political’ might 
well be banished. There is, however, also a large 
group of subjects, mostly questions of administration 
and detailed policy, which involve no stand on 
principle for either side. In this area administrative 
arrangements can only provide the framework of 
co-operation. Success depends on the spirit in which 
the arrangements are used, and this survey by 
Planning, with its indication of the broad scope for 
administrative improvements and the re-allocation 
of duties, is indeed likely to promote the understand- 
ing and adaptability that are essential. 

The decentralization which P E P suggests might 
well be of value in encouraging much mutual under- 
standing ; but the report points out that a policy of 
decentralization would necessitate some changes in 
the present statutory basis of control. The practice 
of delegating legislation has already come under 
severe criticism, and to decentralize decisions would 
remove them still further from Parliamentary control. 
There is room for more searching inquiry than P E P 
has given to the point in this report. Decisions 
devolved to regional level would, it is true, remain 
the responsibility of the Minister ; but if discretion 
is to be allowed, rules can only be framed more 
broadly than at present. 

Administrative consequences have also to be con- 
sidered, and here there may be a price to pay both 
in the size and in the quality of regional staffs. It 
has to be remembered that the more complex the 
business of running a country becomes, the less 
subject it is to the checks and balances which remain 
in principle, an essential part of the constitutional 
machine ; and it might be added, as corollary, the 
more important becomes the co-operation of industry, 
as here, or of other sections of the community for 
other functions of government, and the more essential 
it becomes that there should be a full and efficient 
flow of information between government, on one 
hand, and the particular sector of the public a‘fected, 
on the other. 

The question of regional organization is examined 
more closely in a later chapter in the report, which 
reiterates what is said in this opening chapter on the 
necessity, under decentralization, of increasing both 
the number and the quality of the senior regional 
officers in order that the increased responsibilities may 
be handled properly. Once again we are reminded 
that the size of the Civil Service is a function of the 
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duties and responsibilities it is required to discharge. 
The mere transfer of officers, particularly executive 
officers, will not meet the need. The solution, as 
PEP points out, lies in improved training and 
longer experience of the working of a mixed economy 
than has been possible hitherto. Opportunity for the 
Civil servants most closely in touch with industrial 
matters to gain first-hand experience of industry at 
some time in their careers would help, and it should 
also be possible to improve the ‘briefing’ of regional 
staffs. 

Both these are aspects of information, and such 
measures will only have full effect when the question 
of the size of the Civil Service is fairly faced in 
relation to its responsibilities, and when industry 
itself represses irresponsible criticism which deters 
able men and women from entering the Service. 
That could well have been brought out better in the 
chapter in which government orgenization and its 
functioning are reviewed and the size of the Civil 
Service is discussed. The creation of goodwill is not, 
of course, the only factor, and elsewhere in the report 
the desirability is emphasized of strengthening some 
of the joint bodies set up to link industry and govern- 
ment by giving them a more distinct task and 
responsibility for some of the detailed administration 
of controls. If such bodies are to survive as an 
e: ective part of the machinery of democratic govern- 
ment, they must be given something to do which is 
visibly worth while. Nor must there be the confusion 
advisory, consultative and 
functions to which P E P points as an outstanding 
weakness of the ‘consumers’ councils’ set up under 
the nationalized industries acts. It has never been 
made clear whether a particular council exists to 
represent the consumers, or to act as part of the 
public relations orgenization of the national board 
of its industry ; and the powers of the councils to 
demand information—on which they should formulate 
their recommendations—are very limited. 

Unless such faults as these are corrected, the P E P 
report suggests that the councils are likely to die of 
inanition, and clearly every care should be taken to 
see that like confusion does not weaken any other 
joint committees or organization established to 
facilitate co-operation between industry and govern- 
ment. The slightly critical view expressed by P E P 
of the defunct Committee on Industrial Productivity 
and its several panels appears to be due to the belief 
that their work and functions were not defined care- 
fully enough in relation to what was being done 
elsewhere. This subject, however, is passed over, even 
in the chapter on information, as demanding a study 
on its own. The adequacy of the means of com- 
munication between government and industry on 
technical matters is neither examined nor called in 
question; but an appendix to this chapter which 
lists the official returns made by a large industrial 
establishment suggests that there is room for some 
examination from the government side of the use 
which is made of such returns, their intrinsic public 
value and the possibility by co-ordination or edminis- 
trative adjustment of reducing what is no small tax 
on industrial man-power. Such returns produced by 
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industry clearly have much statistical value, and con- 
sideration of their wider utilization in university 
departments and elsewhere might be undertaken. 

What emerges most clearly from such a survey as 
that undertaken by PEP is the extent to which 
new measures introduced for some valid purpose at 
one time tend to perpetuate themselves for other 
reasons, or even for administrative convenience alone. 
Flexibility and efficiency in government and in 
industry demand constant vigilance against the 
latter danger ; but the real danger of ossification and 
of erosion of democratic institutions lies in the former. 
Such means as the Royal Commission on Taxation 
Policy, if given wide enough terms of reference, is 
one safeguard; but the ultimate safeguard lies in 
the constant scrutiny of institutions and their 
workings in the light of the constructive thought 
which it is a prime purpose of such books as Sir 
Ernest Barker’s ‘Principles of Social and Political 
Theory” to inspire. The discussion in that book of 
the duty of the citizen to the government and of the 
relation of the functions of government to the rights 
of individuals provides the proper background against 
which to consider the nature and extent of this 
adjustment, to the necessity of which the PEP 
report points. 

There is, indeed, much else in Sir Ernest Barker’s 
latest book which bears closely on the issues raised 
in this PE Preport. That book might well have 
been written around the text which he suggests as a 
motto for a community—‘‘Never rest content with 
your institutions’, whether social or political ; but 
if Sir Ernest sees virtue in change as well as in con- 
tinuity, he insists that there is a price to pay for 
change, and that we should be clear as to the exact 
price we are paying, and satisfy ourselves that it is 
worth while paying before we disturb deliberately 
the delicate and difficult system of political discussion. 
It is the spiritual price which matters most, and this 
is what should determine where the balance is to be 
struck between the enjoyment of rights and the 
acceptance of control. 

This is as true for institutions as for individuals, 
end Sir Ernest adds a further warning that should 
be heeded by both sides when we consider the adjust- 
ment of relations between government and industry 
or any other sector of the community. Rights and 
responsibilities surrendered should be used by those 
who receive them for their own higher development, 
and not merely accepted as prizes or trophies. Nor 
should the surrender be such as to render the group 
impotent to contribute any energy of initiative or 
originality of experiment to the development of the 
national economy or culture. Neglect of both these 
conditions has already played its part in weakening 
Britain during the past decade. To accept Sir 
Ernest Barker’s conclusion that the function of 
government is supremely the service of rights is to 
recognize equally not merely the vital part of dis- 
cussion in that process and the room for multiplicity 
of institutions to co-operate in the task, but above 
all the importance of quality—of vitality in the 
individuals and institutions which form the com- 
munity to be served. 
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BACKGROUND TO BRITISH 
WAR-TIME RATIONING 


Food 
Vol. 1: The Growth of Policy. 
(History of the Second World War : United Kingdom 
Civil Series.) Pp. xii+436. (London: H.M. Sta- 
tionery Office ; Longmans, Green and Co., Ltd., 1951.) 
25s. net. 
a emcee of times now remote may often 
regret the lack of detail available to them, 
making it impossible to distinguish with any cer- 
tainty the deciding factors in policy formation or 
even the exact order in which important events 
occurred. The group of authors at present essaying 
an official ‘“‘History of the Second World War’ while 
its influences are still very much with us must, on 
the other hand, feel somewhat overwhelmed by the 
amount of material they have to sift through to pick 
out the main lines of the story. Inevitably an 
author’s own outlook determines, to a large extent, 
the details which seem to him significant, and another 
writer might easily make a slightly different choice. 
The degree of success achieved by any one of them 
can only be judged by the extent to which it enables 
a reader to obtain a clear and convincing picture of 
the events described. 

By this criterion, the present book is not entirely 
successful ; it remains necessary for the reader to 
repeat (albeit on a totally different scale) Mr. R. J. 
Hammond’s labour of selecting and comparing, going 
back over ground already read to pick up the story 
of some particular aspect developed further in a later 
section. However, anyone acquainted with govern- 
ment files is bound to be impressed by Mr. Ham- 
mond’s ability to keep his head above water at all 
while searching through them for the scattered bits 
of evidence that, together, build up his story. It 
must have been exceedingly difficult to decide on the 
order in which the material was to be presented, and 
it is by no means certain that any other order would 
have been more successful. The main stumbling- 
block is the fact that the subject-matter has both 
width and depth. It is necessary to deal with 
imports, home production, price-fixing, rationing 
schemes, transport, warehousing, legal aspects, and 
several other matters, all of which had their effect on 
the development of ‘food policy’. Most of these 
influences were themselves influenced by the changing 
conditions of the War; their stories cannot be told 
in isolation one from another. It might, perhaps, 
have helped if a ‘time-table of events’ had been 
included in the appendix, by means of which one 
could follow more clearly the development in time of 
the various aspects of policy described in detail in 
different sections of the text. 

The work of the Ministry of Food, as it affected 
the public, is still sufficiently fresh in people’s minds 
to need no re-telling yet ; but from this book one can 
learn the reasons for the decisions that were taken. 
Few of the Ministry’s critics could have had any 
conception of the difficulties involved; yet one of 
the unexpected facts that emerges from this study is 
that these difficulties were far more due to the 
complexities of our civilization than to conditions 
directly connected with the War. 

We are, for example, accustomed to buy our food 
in a semi-prepared state. In less sophisticated 
communities wheat could be issued as wheat, but we 
must have it milled and (most of it) baked into bread ; 
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oil would be issued as oil, but we must have it 
hardened, coloured and flavoured and so turned i:.to 
margarine ; sugar must be refined, pigs must be 
turned into bacon, and many other foods must be 
tinned or packaged before being issued. Warehousing 
and transport were problems at least equal to the 
problem of ensuring adequate bulk supplies. | ut 
other Ministries also wanted shipping space, storage 
space, railway trucks and road lorries, and to each 
of them their own needs seemed so much greater 
than anyone else’s. Competition for these services 
led to exaggeration in the estimates of requirements : 
considerations of ‘prestige’ sometimes took precedence 
over strict honesty ; local authorities proved unwilling 
to learn from one another’s experiences ; and there 
was endless trouble over the wording of the Orders 
that had to be issued. 

It seems fantastic that, in a country involved in a 
major war several years in duration, time should 
have to be devoted to a careful selection of ‘the right 
word’. That this was nevertheless necessary was 
shown by the avidity with which any loophole in 
the regulations was exploited, and by recourse to law 
over trivialities—often a means of delaying or even 
reversing quite important regulations framed for the 
public good. The right to challenge authority is, of 
course, an essential safeguard of democracy; but 
abuse of such rights for selfish ends added to the 
difficulties of war-time administration. Time and 
again this history provides evidence of the narrowly 
individualistic outlook of our society. Had food 
supplies ever become really inadequate or transport 
hopelessly dislocated (as happened in many other 
countries), these luxuries of behaviour would have 
had to be forgone. That we were able to retain them 
throughout is a measure of how little the main 
essentials of our normal existence were really upset. 

The food policy which Britain followed throughout 
the War has won her praise from many parts of the 
world ; it is often cited as an example of the way a 
community can help itself by the application of 
scientific knowledge. It is therefore disappointing 
to find how often it was ‘scientific’ only from necessity 
and not from conviction. On the whole, however, 
the Ministry of Food emerges with credit from this 
very searching analysis of its war-time record. 

M. W. Grant 


VETERINARY PARASITOLOGY 


The Parasites of Domestic Animals 
A Manual for Veterinary Students and Surgeons. 
By Prof. Thomas W. M. Cameron. Second edition, 
revised and enlarged. Pp. xvi+420+16 plates. 
(London: Adam and Charles Black, Ltd., 1951.) 
38s. net. 
7 text-book first appeared in 1934 under the 
title “The Internal Parasites of Domestic 
Animals” and, apart from a thirty-page section 
devoted to the Protozoa, dealt very largely with the 
helminths of veterinary importance. During the 
past eighteen years there has been a continuous 
increase in our knowledge about parasites. The 
importance of providing food of animal origin for 
human consumption and animal products for indus- 
try—-for example, leather—during and since the 
Second World War has given an added fillip to the 
efforts of workers in the field of parasitology. Prof. 
T. W. M. Cameron has, therefore, deemed it expedient 
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to bring the text up to date by incorporating much 
of this reeent knowledge, and he has also considerably 
enhanced the value of his book by adding a section 
on the arthropods of veterinary importance. 

‘‘he introductory part of the book has been altered 
very slightly; but the chapter on the Protozoa 
(thirty-two pages) shows much revision of the sections 
on trypanosomiasis, the coccidia, and the geographical 
distribution of protozoan parasites. A section dealing 
with Trichomonas and a brief note on Leucocytozoon 
(misspelt Leucocytoon) have been inserted and the 
section on Sarcosporidia deleted. The chapter dealing 
with the Nematoda (ninety-nine pages), Trematoda 
(thirty-three pages) and Cestoda (twenty-four pages) 
shows revision and additions in several places, as 
does the section on the distribution of helminths 
(ten pages). The chapter on immunity and serology 
(twenty pages) has been recast, probably because, 
although our knowledge of resistance to parasites is 
still confusing and fragmentary, there have been 
many additions to it within recent years. The chapter 
on the therapeutics of helminthic infections (fifteen 
pages) is improved by additional information on the 
newer anthelmintics such as phenothiazine, etc. The 
new chapter on external parasites of domesticated 
animals and birds cannot, as Prof. Cameron reminds 
the reader in the preface, be regarded as a com- 
prehensive account of veterinary entomology, since 
much systematic and morphological detail has been 
omitted ; nevertheless it is of value to veterinary 
students. Within ninety-seven pages there is informa- 
tion about leeches, flies, lice, fleas, ticks, mites, 
venomous arthropods, and insecticides and their 
uses. Another new and very important chapter is 
that dealing with the principles of prevention of 
helminthic disease, in which the author surveys the 
various control measures that can be adopted to 
limit or eliminate worm infestations. The chapter 
on technique and the host lists are largely unaltered, 
whereas the bibliography and index have, of necessity, 
been recast. 

In my opinion, the use of spaces and heavy type 

headings has not always been judicious; thus, on 
p. 337 there is no break in the text to indicate that 
Psorergates and Demodezx are not parasites of chickens. 
There are, unfortunately, signs of want of care in 
revision, compilation and proof-reading, and among 
misprints noticed are microphus, winthermi (p. 317), 
sinus (p. 321), midus (p. 331) and Latrodectes (p. 340) 
which, respectively, should read microplus, winthemi, 
simus, nudus and Latrodectus ; while the table about 
the relative pathogenicity of Theileria spp. is on 
p. 46, not 43 as stated. An error (p. 168) repeated 
from the first edition is that if many Fasciola 
“cercarie’’ enter the snail it dies; this should, of 
course, read “miricidia”. Contradictory statements 
(p. 34), also repeated from the first edition, are made 
within eight lines about the number of sporocysts 
that develop in Himeria and Isospora oocysts. Is 
the earthworm a true intermediate host or merely a 
mechanical transport host of Syngamus (p. 91), and 
are the rose-thorn shaped hooks of Dipylidium 
carried by the four suckers or by the rostellum of 
the scolex (p. 197) ? The causal parasites of 
“depluming itch” and ‘“‘scaly leg’”’ of poultry have 
been confused in the statement on p. 330. 
Despite these inaccuracies, the text is pleasing 
and interesting to read, and reflects Prof. Cameron’s 
wide interests in parasitology, which he has studied 
not only in Britain and in Canada but in other 
localities as well. J. N. OLDHAM 


Jo. 4312 
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INTEGRAL TRANSFORMS 


Integral Transforms in Mathematical Physics 

By Prof. C. J. Tranter. (Methuen’s Monographs on 
Physical Subjects.) Pp. ix+118. (London: Methuen 
and Co., Ltd.; New York: John Wiley and Sons, 
Inc., 1951.) 6s. net. 


Fourier Transforms 

By Prof. I. N. Sneddon. (International Series in Pure 
and Applied Mathematics.) Pp. xii+ 542. (London : 
McGraw-Hill Publishing Co., Ltd., 1951.) 85s. 


Handbuch der Laplace-Transformation 
Band 1: Theorie der Laplace-Transformation. Von 
Prof. Gustav Doetsch. (Lehrbiicher und Mono- 
graphien aus dem Gebiete der exakten Wissen- 
schaften : Mathematische Reihe, Band 14.) Pp. 581. 
(Basel: Verlag Birkhauser, 1950.) 78 francs. 
Die Zweidimensionale Laplace-Transformation 
Eine Einfiihrung in ihre Anwendung zur Lésung von 
Randwertproblemen nebst Tabellen von Korrespond- 
enzen. Von Dr. Dietrich Voelker und Prof. Gustav 
Doetsch. (Lehrbiicher und Monographien aus dem 
Gebiete der exakten Wissenschaften : Mathematische 
Reihe, Band 12.) Pp. 259. (Basel: Verlag Birk- 
hiéuser, 1950.) 43 francs. 

HE most familiar type of integral transform 

connects functions f(x), o(p) by the relation 

o 


o(p) = | K(p,x) f(x) da, 


0 
where K(p,x) is the ‘kernel’ of the transformation. 
For the kernel exp(— px) we have the Laplace 
transform, roughly equivalent to the Heaviside 
operator ; the kernel 2?-! defines the Mellin trans- 
form, 4/(2/x)cospx the Fourier transform, and 
x!"J,(px) the Hankel transform. It is possible to 
compile a ‘dictionary’ listing corresponding pairs, 
f.~, and also a ‘grammar’ giving those operations in 
the domain of p which correspond to familiar oper- 
ations in the domain of x. Thus for the Laplace 
transform, differentiation and integration with 
respect to x correspond, with some modification, to 
multiplication and division by p in its domain. This 
fact is at the basis of Heaviside’s notorious and 
brilliant manipulations, but his ‘operational’ calculus 
has now been largely replaced by transform methods, 
a process which seems to date from a paper by the 
late Harry Bateman’. An immediate application of 
the transform method will be found in translating a 
problem from the z-domain into the p-domain, where 
it may prove much more tractable, and then trans- 
lating the answer back into the language of the 
original domain. A trivial example is the algebrization 
of ordinary linear differential equations with constant 
coefficients ; many problems of electric circuit theory 
can be dealt with in this fashion. At a less elementary 
level, many problems of mathematical physics 
demand the solution of a partial differential equation 
under given boundary conditions; here the trans- 
form method in effect reduces the number of in- 
dependent variables by one, thus simplifying the 
problem, and it may even be possible to apply the 
method successively so as to make a final reduction 
to an ordinary differential equation. On the other 
side, the pure mathematician is likely to be more 
interested in studying the transform for its own sake, 
asking such questions as: For a given kernel, what 
classes of functions have transforms, what relation is 
there between the domain of definition of a function 
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and that of its transform, and what classes of func- 
tions can be used as kernels ? 

Profs. C. J. Tranter and I. N. Sneddon are chiefly 
interested in the partial differential equations of 
mathematical physics. Prof. Tranter’s small mono- 
graph, “Integral Transforms in Mathematical 
Physics”, gives a very good bird’s-eye view of the 
field. The first chapter groups together the four 
transforms mentioned above and their inverses ; 
Chapters 2-4 show how the various transforms can 
be applied to specific problems, chiefly those leading 
to partial differential equations and arising from heat 
conduction, elasticity and electricity. Chapter 6 
introduces the finite transforms: the use of a finite 
interval (0, =) with a trigonometrical kernel is due to 
Prof. G. Doetsch (1935), and, more recently, Prof. 
Sneddon has shown how a Bessel function kernel can 
be employed in a finite interva]. Numerical methods 
are studied in Chapter 5, dealing with the numerical 
evaluation of integrals with an oscillatory factor in 
the integrand, and in Chapter 7 where a brief account 
of the mode of application of Southwell’s relaxation 
method is given. The exposition is clear and concise, and 
the novice will find the book an excellent introduction 
to larger works and to periodical literature on this topic. 

Prof. Sneddon’s large-scale work, ‘‘Fourier Trans- 
forms’’, deals with the same transforms as does Prof. 
Tranter’s, and his problems are mainly those leading 
to partial differential equations, but the plan is, of 
course, on a much larger scale. The basic theory is 
collected into the first three chapters (90 pp.) ; this 
brevity is achieved by concise exposition, and by 
making no attempt to widen the hypotheses beyond 
what is sufficient for most physical applications. A 
logical treatment is thus erected on somewhat 
restricted bases. This section of the book suffers a 
little from its close-packed character, and the 
beginner would be well advised to supplement it by 
some reference to less concentrated accounts, such as 
that given by Prof. Tranter. Some previous know- 
ledge of the more elementary applications of the 
Laplace transform would also help, not only in 
grasping the contents of the first three chapters, but 
also in tackling the main part of the book—the seven 
chapters in which the calculus is applied to boundary 
and initial-value problems of vibration theory, heat 
conduction, the slowing-down of neutrons, hydro- 
dynamics, atomic and nuclear physics, and elasticity. 
The author wastes no time over elementary problems 
which could merely facilitate manipulation, but 
attacks at once matters of high importance, par- 
ticularly in the elasticity chapters with their accounts 
of ‘punching’ and ‘cracking’; and the analysis, 
though at times heavy, will lead the young research 
student straight to the heart of present-day work. 
Prof. Sneddon’s volume is a contribution of solid 
worth to the study of mathematical physics, and no 
scientific library can afford to be without it. 

For some twenty-five years, Prof. G. Doetsch’s 
name has been familiar as that of a leading authority 
on the pure mathematics of the Laplace transform- 
as the author of a long series of memoirs and of a 
comprehensive treatise, ““Theorie und Anwendung der 
Laplace-Transformation” (1937), which collected 
almost the whole of the theory then available. This 
work is now replaced by a two-volumed treatise, 
‘‘Handbuch der Laplace-Transformation”’, of which 
the first volume, now under review, deals with the 
fundamental theory. The main differences are : first, 
the incorporation of new results ; and, secondly, the 
change from the Riemann to the Lebesgue integral 
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in the primary definition. This latter alteration 
permits some simplification in the formulation and 
exposition of the main theorems, and it cannot be 
said to make any serious increase in the amount of 
prerequisite knowledge, since any reader fit to tackle 
the severe pure mathematics of this volume is likely 
to be familiar with at least the main ideas of modern 
theories of integration. The use of the Sticltjes 
integral can give even greater generality to the theory, 
but this is deliberately excluded by Prof. Doetsch, and 
D. V. Widder’s “‘Laplace Transform”’ (1941) remaing 
the classic authority on that aspect of the theory. 

Part 1 of Prof. Doetsch’s book deals witli the 
basic theory of the transform, the half-plane domains 
of convergence, uniform and absolute convergence, 
and the validity of the fundamental operations, 
including the convolution (Faltung) process, which 
when applied to two given functions produces the 
product of their transforms. In Part 2 the chief 
problem is that of inversion, inferring a function 
from knowledge of its transform. The short Part 3 
discusses the application of a Cesaro limit-producing 
process to a non-convergent Laplace integral; the 
work is new and has scarcely yet achieved permanence 
of form or shown where it may be applied. Part 4 
is concerned with the Laplace transform of familiar 
classes of functions, such as integral functions of 
finite order and functions of integrable square. The 
final Part 5 deals mainly with Abelian theorems 
concerning the behaviour of the transform near a 
finite singularity and at infinity, and with the con- 
verse or Tauberian theorems, topics calling for 
considerable delicacy in the analysis. 

The painstaking thoroughness of Prof. Doetsch’s 
work is universally recognized, and his right to be 
regarded as an outstanding authority cannot be 
questioned ; this new book is likely to become, and 
remain for years, @ classic in its field. But a novice 
would be well advised to undertake serious prepara- 
tion before plunging into the heavy going which is 
perhaps inseparable from erudite comprehensiveness. 
Statements are lucid, details are clearly set out, 
exposition is careful, but the general direction of 
movement is not always easy to perceive. A previous 
study of a brief introductory account, genuinely 
mathematical in character, such as that in Churchill's 
“Modern Operational Mathematics”, would probably 
help the reader to see the wood as well as the trees 
in this impressive piece of mathematical analysis. 

A fairly obvious generalization of the Laplace trans- 
form is to functions of two variables, by the transform 
equation 


Pq) = 


VOL. 169 


oOo x 

| | e- (pr +a) f(x,y) dz dy : 

0 0 

it dates from about twenty years ago, in papers by 
van der Pol and Humbert, and so far its most inter- 
esting application seems to be to second-order partial 
differential equations of hyperbolic type. In the 
book by Dr. D. Voelker and Prof. Doetsch, “Die 
Zweidimensionale Laplace-Transformation’’, we have 
the theory (pp. 13-37), applications to partial 
differential equations with two independent variables 
(pp. 38-121) and with more than two independent 
variables (pp. 122-139), and a table prepared by Dr. 
Voelker, listing between seven and eight hundred 
rules of operation and transforms. The book should 
do much to determine the role of the two-dimensional 
transform in the general theory of integral trans- 
forms. T. A. A. BROALBENT 

' Proc, Camb. Phil. Soc., 15, 423 (1910). 
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ASPECTS OF COLLAGEN STRUCTURE 


By Pror. J. T. RANDALL, F.R.S., R. D. B. FRASER, S. JACKSON, A. V. W. MARTIN 
and A. C. T. NORTH 


Wheatstone Physics Laboratory and Medical Research Council Biophysics Research Unit, 
King’s College, University of London 


rT HE fibres of white connective tissue, usually 

| termed collagen, are widespread throughout the 
animal kingdom and have been extensively studied. 
During the past twenty years, the knowledge of 
collagenous tissues has been greatly increased by the 
use of physical methods such as X-ray diffraction, 
polarization microscopy and electron microscopy ; 
to these methods has lately been added that of 
infra-red dichroism analysis. 

This article summarizes results obtained in this 
laboratory on various aspects of collagen structure 
and properties, which may conveniently be divided 
into the following sections: (1) distribution of 
collagen in the phyla; (2) collagen fibres in skeletal 
tissues ; (3) collagen in fossils; (4) collagen fibres 
in embryonic and developing connective tissue ; 
5) the interaction of soluble collagen with other 
molecules ; (6) the polypeptide chain-configuration in 
collagen. 


1. Distribution of Collagen in the Phyla 


The comparative morphology and biochemistry of 
collagenous fibres in the different phyla is of great 
interest. Marks, Bear and Blake* have reported on 
X-ray diffraction evidence for the existence of such 
fibres in Echinodermata, Coelenterata, and Porifera. 
We have confirmed by means of the electron micro- 
scope that collagen-like fibres are present in the star- 
fish (Asterias rubens L.) skeleton suitably decalcified, 
and in Psammechinus miliaris L. Collagen fibres have 
also been observed as part of the fabric of the body- 
wall muscle of the earthworm (Lumbricus terrestris 
L.), in the marine annelid (Sabella pavonina Savigny), 
the toad (Bufo bufo bufo L.), the frog (Rana temporaria 
temporaria) and the eel (Anguilla anguilla L.) (Figs. 1, 
2 and 3). Reed and Rudall* have studied earthworm 
cuticle, which is reported to give a collagen-type 
high-angle X-ray diffraction pattern, although these 
fibres are not banded when viewed in the electron 
microscope. 

In the phylum Mollusca we have observed that the 
byssus threads of Mytilus edulis give a perfectly 
normal high-angle X-ray diffraction pattern with 
some enhanced resolution in the region of the 4-4-A. 
equatorial reflexion. We have failed, however, to 
obtain any low-angle diffraction photographs indi- 
cating a 640-A. period; and this observation is 
confirmed by examination in the electron microscope, 
in which the byssus threads are seen to consist of 
fine fibrils showing no cross-bands whatsoever. This 
result emphasizes the distinction which must be 
drawn between the fine-scale structure of collagen 
deducible from high-angle X-ray diffraction observa- 
tions and infra-red studies, and the larger-scale 
structure arrived at from low-angle X-ray and 
electron microscope investigations. 


2. Collagen Fibres in Skeletal Tissues 


Cartilage. To study the collagenous component of 
cartilage, specimens from the joint surfaces of the 
adult fowl, elephant, man, and samples of nasal 
cartilage of a four-months old calf were fragmented 
mechanically and examined in the electron micro- 
scope. In all these specimens two main types of 
fibre were found (Fig. 4): (i) relatively coarse 
fibres and fibre-bundles of widely varying diameter 
(visible also in the optical microscope) ; the resem- 
blance between these fibres and those obtained 
from vertebrate tendons is very striking and the 
periodicity (~ 640 A.) well defined ; (ii) fine fibrils 
of about 300-500 A. diameter, which form a closely 
woven network covering the entire field and fill the 
gaps between the coarser fibres. A periodic structure 
cannot be observed with certainty, although in some 
fibrils it is just possible to detect what appears to be 
a periodicity of 180-200 A. The blurred appearance 
of the small-diameter fibrils is probably due to the 
chondroitin sulphate matrix of the cartilage in 
which they are partialiy embedded, and which forms 
a layer over the entire specimen. In the light 
microscope the fibrils of small diameter are not 
visible and their presence has not previously been 
recorded. 

For an electron microscope study of developing 
cartilage, the long-bone rudiments of fowl embryos 
were used. This shows that the matrix contains a 
dense network of fibrils (Fig. 5) closely resembling 
the small-diameter fibrils of mature cartilage (cf. 
Fig. 4). Periodie striations cannot always be identi- 
fied, but are sufficiently well defined in a number of 
fibrils to permit measurements (period 170 A.). 

Collagen in Calcified Tissues. Micromorphological 
studies have been made in the electron microscope 
of collagen fibres isolated from the body-wall of 
Asterias rubens and Psammechinus miliaris, and of 
the collagenous fibres of vertebrate bone. A detailed 
account of the method used to decalcify these 
specimens is being published elsewhere‘. The de- 
calcified body-wall of Asterias consists almost entirely 
of fibres with distinct bands, and often with a con- 
spicuous fibrillar structure parallel to the long axis ; 
this structure is seen particularly clearly in the B 
portion of each period (Schmitt notation). This has 
also been observed in rat-tail tendon fibrils, par- 
ticularly after treatment with trypsin or by ultra- 
sonics. In Psammechinus, where calcification of the 
connective tissue of the body-wall is much further 
advanced than in Asterias, the fibres isolated after 
decalcification are thinner and less numerous than in 
Asterias, but their periodic structure is very well 
defined. 

Fibres obtained from decalcified adult fowl bone 
(Fig. 6) presented the appearance characteristic of 
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Figs. 1-15. ELECTRON MICROGRAPHS OF VARIOUS COLLAGENS 


Decalcification treatment by trichJoracetic acid solution. Shadowed by the use of gold—palladium alloy. 
(1) Collagen from decalcified body-wall (oral) of Asterias rubens L. x 40,000. 
(2) Collagen from decalcified body-wall of Psammechinus miliaris L. x 40,600 
(3) Collagen from base of tongue of eel, Anguilla anguilla L. x 40,000 
(4) Fibrous cartilage from head of femur of the fowl. x 30,000 
(5) Hyalin cartilage from o: 1g long bone of a 13-day fowlembryo. x 22, 
(6) Collagen from decalcified femur of the fowl. x 40,000 
(7) Collagen from decalcified tusk of Elephas primigenius (Siberia). x= 30,000 
(8) Umbilical cord from 10-day embryonic rat ; stained with phosphotungstic acid. x 25,000 
(9) Umbilical cord from 10-day embryonic rat ; stained with phosphotungstic acid. x 30.000 
(10) Tail tendon from 20-day embryonic rat. x 30,000 
(11) Tail tendon from 11-day old rat. x 30,000 
(12) Tail tendon from 16-day old rat. x 30,000 
(13) Sodium acetate bulk reprecipitation of collagen solution. x 30,000 
(14) Fibril with the longer spacing from collagen solution with the addition of chondroitin sulphate ; 
stained with phosphotungstic acid. x 32,000 
(15) Fibril with the longer spacing from collagen solution with the addition of gum arabic ; stained with 
phosphotungstic acid. x 32,000 
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collagen from tendon and cartilage of adult verte- 
brates and from the mesodermal body-wall of 
Asteroidea and Echinoidea. 


No. 4312 


3. Collagen in Fossils 


Bear® has recorded an isolated X-ray observation 
on @ mammoth tusk and states that the 640 A. 
spacing could be detected. Through the courtesy of 
the British Museum (Natural History), we have 
recently examined the decalcified residues of late 
Pleistocene Siberian mammoth tusks (Hlephas 
primigenius) in the electron microscope and also by 
means of high-angle X-ray diffraction. Fig. 7 shows 
that the banded fibre structure characteristic of fresh 
collagen material has been retained in these specimens 
for a period of probably 10-15,000 years. Such 
fibres have been found in tusks which, from their 
unaltered appearance, had clearly been preserved in 
ground-ice, as well as in more obviously fossilized 
material, the former (as would be expected) giving 
the better fibres. Fibrous material from the lip of a 
mammoth found in the frozen ground of Alaska in 
1948* shows rather better defined structure in the 
electron micrographs. The tusk material preserved 
in ground-ice gives a normal collagen X-ray diffraction 
pattern in the high-angle camera. It is not to be 
expected that such recent fossils, particularly from 
regions of ‘permafrost’, will have been subjected to 
temperatures much above 20° C. As Dr. K. P. 
Oakley has pointed out to us, the retention of a 
collagen structure, which would certainly disappear 
as a result of thermal shrinkage at from 70-100° C., 
and probably at all temperatures above zero with 
sufficient lapse of time, may be of value in helping 
to distinguish or to date intrusive bones in the 
Pleistocene deposits. 


4. Collagen Fibres in Embryonic and Developing 
Connective Tissue 


Information has been gained about the differ- 
entiation of collagen fibres by examining tissue from 
embryonic and post-embryonic rats. 

Umbilical Cord of the Rat. The youngest umbilical 
cords we have examined were obtained from 10-day 
embryos with twelve pairs of somites ; namely, about 
a day after the first development of the cord. 

Electron microscope preparations of this material 
showed clearly defined banded fibrils about 400 A. 
wide with the ends of the fibrils tapering to fine 
points, suggesting that the growth may take place 
by @ process of pyramidal accretion (Fig. 8). One 
type of banded fibril observed is composed of a row 
of equivalent dense disk-like units separated from 
each other by less dense material, the periodicity 
ranging from 170 A. to 250 A. 

In another type of fibril structure, the disks are no 
longer of equivalent density and a number of patterns 
have been observed. ‘The most commonly occurring 
pattern has a repeat of 600 A., this being the distance 
between dense disks which are separated from each 
other by disks of lesser density. The periodicity of 
this type of fibre thus falls within the range observed 
for normal collagen. Both types of fibril may be 
seen in the micrograph Fig. 9. When two or more 
fibrils lie together and parallel to each other, the 
denser disks appear to lie in apposition. 

Throughout the next twelve days of the gestation 
period the fibrils gradually become thicker and the 
periodicity develops in form until, just before birth, 
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the fibrils resemble to a marked degree the more 
characteristic normal collagen AB spacings of 640 A. 

Embryonic and Developing Tendon in the Rat’s Tail. 
The formation of collagen fibres in the rat’s tail 
appears to be slower than in the umbilical cord. 
‘Lail-tendon studied over a developmental period of 
thirty-two days, namely, a series of specimens from 
15-day old embryos, when the fibrils can first be 
observed, up to 24-day post-embryos, show that the 
formation of the adult collagen structure is almost 
achieved. 

Fig. 10 is typical of embryonic tendon from the 
rat’s tail, showing fibrils with striations of equal 
density 170-250 A. apart, as in one type of the 
umbilical cord. In addition, there is a large number 
of fine beaded filaments ; the beads are 100-150 A. 
in diameter and spaced at about 500 A. It is possible 
that these filaments represent an even earlier stage 
in the differentiation of collagen fibres. 

At a later stage, the aggregation of the filaments 
and fibrils can clearly be seen with the denser banded 
disks beginning four days after birth, and emphasized 
at eleven days (Fig. 11), until at sixteen days (Fig. 12) 
the fibres are nearly like those of the adult, except 
that the bands do not appear quite so sharp. 

Embryonic and developing tendon from the rat’s 
tail have also been examined by means of high-angle 
X-ray . diffraction. | Material obtained from the 
embryonic tail a few hours before parturition shows 
a meridional spacing at 2-86 A., together with 
equatorial spacings of 12 A. and 4-4 A. Increasing 
age in the young rat gives rise to a greater number 
of diffraction peaks and greater orientation, but 
the familiar pattern from adult collagen is not 
obtained from tail-tendon until the animal has 
reached an age of twenty days. It appears, therefore, 
that a certain degree of order must be attained in 
the globular or brick-like units roughly 600 A. in 
axial length before the ‘bricks’ themselves may be 
finally assembled into the sharp repetitive pattern so 
characteristic of the adult fibrils. 

Thus the evidence would indicate that the rate of 
differentiation of the fibrils in the umbilical cord is 
about twice that of the tail-tendon. This is possibly 
due to the fact that the cord is essentially embryonic 
and therefore differentiates at a.greater rate. It may 
also be partly accounted for by the very much higher 
content of hyaluronic acid’, which may be a factor 
for the greater rate of development of the fibrils in 
the cord. 

The distribution between reticulin and collagen 
needs closer inquiry by modern methods® ; but it is 
of interest that the umbilical cord of the rat is 
argyrophilic. We have shown that in preparations 
from the spleen of 17-day old embryo rats, the fibres 
consist almost entirely of typical collagen banded 
with 640 A. spacings. The tail tendon up to sixteen 
days post-embryo is likewise argyrophilic, and the 
younger stages show a higher proportion of muco- 
polysaccharide content than the adult tendon. 


5. Interaction of Soluble Collagen with Other 
Molecules 


The solubility of collagen in dilute mineral and 
organic acids, with the formation of a fibrous pre- 
cipitate on the addition of various salts, has long 
been known® (Fig. 13). Electron microscope inquiries 
indicate that such fibres have the characteristic 
banded structure of native collagen’. Recently, 
Highberger et al.'' obtained fibres with much longer 





1032 

















Fig. 16. Sheet-type structure for collagen (schematic) ; circles 


represent end views of polypeptide chains 


spacings in pro-collagen preparations'?, and by the 


addition of plasma mucoproteins to a solution of 


phosphate-extracted collagen. 

We have investigated the preparation of these 
longer-spacing fibres from weak acetic acid solutions 
of collagen by the addition of a wide variety of 
complex polysaccharides, glucoproteins and nucleic 
acid derivatives. In the case of chondroitin sulphate 
(Fig. 14), gums from Acacia senegel (Fig. 15), Pinus 
silvestris, Araucaria brasiliensis and ovalbumin, such 
longer-spacing fibrils with periodicities varying from 
1000 A. to 2400 A. were obtained. Fine structure 
between the main bands was found to depend on the 
pH of the final solution. Sodium thymonucleate, 
fibrin and human serum albumin precipitated a 
normal form of collagen fibre, except for one sample 
of sodium thymonucleate which produced a fine 
network. of small tactoids showing no bands; while 
sodium alginate, hyaluronic acid, heparin, salmine 
sulphate and gum tragacanth have so far given fine 
unbanded fibres only. 

While it is clearly too early to postulate a com- 
prehensive mechanism for the observed effects, two 
important aspects should be mentioned: (i) the 
production of longer-spacing fibres appears to depend 
on steric factors, and variation in the size, shape 
and distribution of reactive groups in the two sols ; 











me 
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Fig. 17. Cylindrical molecule structure for collagen (schematic). 
Each molecule is depicted as : — enclosing three polypeptide 
chains 





NATURE 


June 21, 1952 vor. i650 


(ii) the results further strongly suggest that those 
particular fibre formations are examples of a general 
principle of mutual coagulation involving electro- 
static forces!. 


6. The Polypeptide Chain-Configuration in 
Collagen 


It has been demonstrated, both by measurements 
of infra-red dichroism'*'> and high-angle X-ray fibre 
diagrams'*, that the polypeptide chain-configurat ion 
in the collagen-gelatin group of proteins is unique. 
It has been suggested that this configuration is a 
result of the high content of proline and hydroxy- 
proline (about 22 per cent)!’ ; that is, about every 
fourth amino-acid residue could be of this type. ‘he 
reasons for supposing that this leads to the existing 
configuration are presumably: (a) steric effects of 
the bulky proline residues ; and (b) the absence of 
an NH-group at these residues. In view of the 
importance of hydrogen-bond formation in determ- 
ining the stable configurations of polypeptide chains, 
it is possible that the periodic absence of a hydrogen 
bond at these residues accounts for the greater 
stability of the collagen configuration in this group 
of proteins. 





Fig. 18. (A) Plan and (B) elevation of an arrangement of planar 

transamide groups which would account for the 2-86-A. meri- 

dional X-ray spacing. The diagram is schematic ; bond-lengths 
and angles are not to scale 


Models of the chain configuration of collagen have 
been proposed by Astbury'*, Ambrose and Elliott'* 
and Pauling and Corey'*. None of these models, 
however, explains all the known facts concerning the 
X-ray fibre diagram, the infra-red spectrum of 
collagen, and the stable configuration of the amide 
group. The principal objection to the structures 
proposed by Astbury, and by Ambrose and Elliott, 
is that the amide groups are non-planar. According 
to the calculations of Pauling, Corey and Branson", 
such structures cannot be considered stable owing to 
the resulting inhibition of resonance in the amide 
groups. Apart from the improbability of mixed cis- 
and trans-configurations of the amide groups in the 
structure proposed by Pauling and Corey, the main 
objection is that it does not account for the infra-red 
dichroisms that we have observed. The directions of 
the C=O and N—H groups in this model are inclined 
to the axis of the molecule at an angle which is not 
greatly removed from that for which no dichroism 
would be expected in an axially symmetrical system. 
The value of 1-75 for the perpendicular dichroism 
that we have observed for the N—H stretching 
vibration is considerably greater than that predicted 
from the model. 
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ig. 19. A possible explanation of the periodic density variations observed in electron micro- 
graphs of collagen fibres. The sheets are systematically thrown into secondary folds, maintained 


by attraction between polar R groups 


An important difference between the structures 
proposed by Astbury and by Ambrose and Elliott, 
and that proposed by Pauling and Corey, relates to 
the type of hydrogen-bonding. The former involve 
systems of inter-chain hydrogen bonds and lead to 
sheet structures of the type depicted in Fig. 16. The 
equatorial reflexions of 4-4 A. and 11 A. in the X-ray 
fibre diagram of collagen'® are associated respectively 
with the inter-chain and inter-sheet spacings of a 
structural unit. In contrast, Pauling and Corey (Fig. 
17) suppose that the molecules are approximately 
cylindrical and that the hydrogen-bonding is intra- 
molecular to account for the ease of swelling. The 
observed equatorial spacings of the X-ray fibre 
diagram are attributed to the system of reflexions 
predicted for cylindrical molecules in hexagonal close 
packing, and modified by the form factor of the 
molecule!*. It is clear, however, that a sheet structure 
could account equally well for the swelling properties. 

Investigations of the phenomenon of the thermal 
contraction of collagen have led Gustavson®’ to 
suppose that this process is accompanied by an 
extensive rupture of hydrogen bonds. Similar con- 
clusions have been reached in this laboratory*! from 
observations of the infra-red spectrum before and after 
thermal contraction. The shift observed in the 
NH-stretching frequency (c. 30 cm.-!) is interpreted 
as a transition from an inter- to an intra-molecular 
system of hydrogen bonds. Preliminary studies of 
the variation in the equatorial X-ray reflexions 
during swelling of tail-tendon from the rat indicate 
that the observed reflexions do not all increase pro- 
portionately ; this is contrary to expectation for a 
hexagonal structure. In one experiment the 11-A. 
equatorial reflexion increased to 14-0 A., but the 
2-15-A. equatorial reflexion did not change at all. 
These results suggest that the aggregation of poly- 
peptide chains into sheets takes place by means of 
hydrogen bonds between chains. 

Astbury, and also Pauling and Corey, have both 
assumed that the 2-86-A. meridional reflexion is 
associated with the length of an amide group having 
the cis-configuration. Since the occurrence of amide 
groups having the cis-configuration has not as yet 
been shown to exist in polypeptides, there seems no 
reason for supposing, a priori, that the coincidence 
is anything but fortuitous. Further, there seems no 
special reason why proline should provoke the cis- 
configuration. A simpler assuynption would be that 
the planar amide groups, having the trans-configura- 
tion, were tilted in such a way that the projected 
separation of the «-carbon atoms on to the molecular 
axis was 2:86 A. Taken with the evidence for a sheet 
structure, a model of the type depicted in Fig. 18 is 
arrived at. This resembles the structure proposed 
by Pauling and Corey for $-proteins**, except that 
the tilt of the amide groups is considerably increased. 
It also resembles the sketch given by .Huggins*®* to 
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illustrate a possible intermed- 
iate stage between «- and 6- 

keratin. 
The orientation of the C=O 
and N—-H groups in the struct- 
a ure of Fig. 18 is suitable for the 
formation of a hydrogen-bonded 
es = sheet, with the R groups directed 
alternately above and below the 
sheet. A possibility which 
should not be neglected is that 
those amide groups, in which 
the nitrogen atom forms part 
of the proline or hydroxyproline ring, are oriented 
in such a fashion that the bulky residue is readily 
accommodated into the structure, and the car- 

bonyl group directed so that the formation of a 

hydrogen bond with a side-chain group is favoured. 

A possible explanation of both the 640-A. period 
and the still finer striations observed in electron 
micrographs of collagen fibres is that the hydrogen- 
bonded sheets (Fig. 19) are systematically thrown 
into folds where a high concentration of polar side- 
chains occurs. As such folds would be maintained 
by side-chain attractions, the less-dense regions could 
then be associated with high concentrations of 
glycine residues. If this suggestion be correct, 
collagen fibres would be formed by end-to-end and 

side-by-side aggregation of molecules. The 640-A. 

periodicity would then arise from the length of the 

molecule, and the fine intermediate striations within 
a period from alternately folded and unfolded regions. 

We wish to acknowledge the assistance with 
observations and discussion of various colleagues, 
particularly Mrs. M. J. Fraser, Dr. R.*F. Franklin, 

Mr. R. G. Gosling, Dr. E. J. Hanson and Dr. Honor B. 

Fell (director of the Strangeways Laboratory, Cam- 

bridge) ; and of Dr. K. P. Oakley, British Museum 

(Natural History), for the fossil material and dis- 

cussion of results. The progress of the investigation 
has been greatly helped by a grant from the Rocke- 
feller Foundation ; and one of us (R. D. B. F.) is 
indebted to the Nuffield Foundation for a research 

fellowship. [April 9. 
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BIOLOGY AS A CAREER 
By D. J. B. COPP 


Institute of Biology 


HE Institute of Biology recently held, at the 

Heriot-Watt College, Edinburgh, a symposium 
on “Biology as a Career” in which ten speakers 
dealt with various fields of work in which biologists 
are employed. 

W. B. Yapp (University of Birmingham) discussed 
biology in schools and drew on information obtained 
by the British Association Committee on the subject. 
It was reported that many schools still do not include 
biology in their curriculum, this being true of a 
higher proportion in Scotland than in England. Since 
1919 the total number of pupils offering biology in 
School Certificate examinations has increased six 
times ; but the percentage of those taking biology 
has increased but slightly. Posts for teachers of 
biology often remained unfilled or filled by unsatis- 
factory candidates, and there therefore seem to be 
openings for biology graduates for some time to 
come. Criticisms that biology taught in schools is 
dry, limited and out of date reflect on the universities 
responsible for training the teachers. Too many 
professors and lecturers believe that the sole function 
of a university is to train research workers and that 
only the less well-qualified graduates should teach in 
schools. Mr. Yapp hopes that more of the best 
graduates will be encouraged to enter teaching; he 
mentioned that many. problems in taxonomy and 
ecology require little apparatus and offer considerable 
scope for original work, so that teachers are by no 
means prevented from pursuing research. 

This difficulty of obtaining adequate numbers of 
graduate teachers of biology was also the concern of 
Mr. G. Barclay (Moray House Training College), who 
outlined the Scottish methods of training teachers. 
In his experience of the science graduates taking 
courses in education with the view of teaching, on 
average only one in ten is a biologist. This leads to 
biology and general science being taught by those ill 
qualified to do so, even though those without 
biological training often make considerable efforts to 
fill the gaps in their knowledge of science. Were 
more students to commence their university course 
with teaching in view they would be able to take 
more suitable combinations of subjects, but, unfor- 
tunately, teaching is too often considered the last 
resort. The discussion which followed these two 
papers was concerned with the desirability of entrants 
to biological courses in universities having received 
sound training in mathematics, physics and chemistry 
even to the virtual exclusion of biology. The tendency 
among teachers to consider biology as an ‘easier’ 
subject suitable for those unable to master the more 
rigorous mathematical sciences was mentioned ; this 
and the more obvious prospects and abundant posts 
in physics and chemistry result in teachers steering 
their better pupils into physical science. 

A general survey of careers in biology was given 
by Dr. R. A. E. Galley (Office of the Lord President 
of the Council), who referred to the report of the 
Ministry of Labour on the supply and demand for 
biologists (see Nature, 167, 371 ; 1951) in which it was 
forecast that over the period 1950-55 nine hundred 
more graduate biologists would be produced than 
would be required to fill the available posts. Para- 
doxically this surplus is occurring at a time when 
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ete. If students intending to take up biology wer 
to take a combination of zoology or botany with 
physics or chemistry they would be more suited for 
work in the fields of research the rapid development 
of which will require a steady flow of recruits. 
Furthermore, such combinations, particularly with 
chemistry as a subsidiary subject, would make it 
possible for the holder of a pass degree to obtain a 
scientific post (not perhaps a research post) as a 
chemist or physicist. 

Prof. 8. J. Watson (East of Scotland College of 
Agriculture) said that there are many openings in 
agriculture and horticulture for the properly trained 
biologist who has taken a good honours degree in a 
pure science school of a university. To this degree 
should be added, if possible, a postgraduate course in 
the principles of agriculture. With such a training 
there are openings which fall into three groups: 
teaching in the agricultural departments of univer- 
sities or in agricultural colleges; work in the 
National Agricultural Advisory Service as advisers 
on scientific problems, often out-of-the-ordinary ones, 
which are beyond the powers of the agricultural 
officers ; and research on more fundamental problems 
in research institutes, for which a good general 
knowledge of agriculture is less necessary. 

In considering careers in fishery research, Dr. C. E. 
Lucas (Marine Laboratory, Aberdeen) outlined the 
growth of organized marine biological work to the 
present stage where more than a hundred scientific 
officers and fifty experimental officers are employed 
in laboratories other than those maintained by the 
universities. Since the War there has been a steady 
demand for marine biologists, trained in Britain, as 
a result of developments in the Colonies and 
Dominions. The increased support for research has 
been due to a realization of the value of fisheries in 
maintaining food supplies and the dangers of 
irrational exploitation. The many fields of research 
yet to be developed for the further and more 
economical exploitation of the resources of the sea 
make it difficult to believe that, despite financial 
economies demanded by defence measures, a further 
expansion of staff will not take place. The type of 
recruit required is one with a keen interest, good 
mathematical background, training in ecology and 
ability to work in small boats at sea. 

Prof. I. A. Preece (Heriot-Watt College, Edin- 
burgh), discussing the requirements of the brewing 
industry for men of science with biological training, 
estimated the annual intake might be fifty persons. 
Those employed usually have received a basic training 
in chemistry, physics, biology (specializing in botany) 
and further chemistry (with specialization in plant 
biochemistry). For the majority a knowledge of 
microbiology is self-acquired, although in large firms 
and in brewing research specialist-trained micro- 
biologists are employed. A biological outlook is most 
necessary, for any attempt to treat barley, hops and 
brewers’ yeast as mere chemical reagents would lead 
to difficulties and disillusion. The training received 
by a brewer can, with very little modification, be 
useful in the food industry in general, in distilling 
and yeast manufacture and in certain branches of 
the pharmaceutical industry. 

A paper by Prof. T. W. M. Cameron (McGill 
University, Montreal) on ‘‘Biology in Canada’, which 
was read by Mr. T. M. B. Payne, dealt with the 
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development of biological research in Canada. The 
Government is the major employer of biologists, with 
seven hundred in the Department of Agriculture and 
a hundred in the Fisheries Board. Industry is now 
developing, and the stage of the ‘branch factory’ with 
research carried out in the United States or Britain 
is passing. The consequent demand for biological 
personnel will be met in the main from graduates 
trained in Canada; but there will always be oppor- 
tunities, especially in government service, for well- 
trained research biologists. In discussion it was 
emphasized that the acceptance of posts in Canada 
and the other Dominions by British men of science 
is on the basis of emigration; this is in contrast 
to service in the Colonies, where leave and final 
repatriation to Britain is financed by the employing 
government. 

Biological research in industries other than those 
concerned with agriculture or medicine was the 
subject of the next paper, by Mr. D. Neville-Jones 
Intelligence Division, Department of Scientific and 
Industrial Research). Industries in which biology 
plays a part can be considered as falling into two 
groups: those using biological materials, in general 
the older industries, and those, the newer, which are 
based on biological processes. Research on food 
preservation was described as an example of bio- 
logical work in the first group of industries, as were 
various pieces of work on timber growth and disease, 
on the problems of water pollution, and the prevention 
of fouling of ships’ bottoms. Of industries dependent 
on biological processes the two most outstanding are 
those concerned with antibiotics and fermentation. 
Biologists in industry are a small proportion of the 
total scientific staff (of the thousand men of science 
in the establishments of the Department of Scientific 
and Industrial Research, eighty-eight are biologists). 
Many problems can only be tackled by those bio- 
logists prepared to widen their outlook, more 
particularly by absorbing some part of the chemist’s 
outlook. 

The functions of the Technical and Scientific 
{egister were described by Mr. B. G. Meara (Ministry 
of Labour) as being: (a) the maintenance of an 
employment service ; (6) the provision of advice on 
careers; (c) the supervision of the obligations of 
university graduates for National Service; (d) the 
making of surveys of employment prospects. The 
fulfilment of the last obligation has resulted in the 
report previously mentioned by Dr. Galley. The 
expected insufficiency of posts will affect the less 
well qualified ; the prospects for those with first- or 
second-class honours degrees and sound training in 
physics and chemistry are reasonably good. It will 
be difficult to meet the demand for highly qualified 
specialists without increasing the pool of those at 
pass-level. The predictions of the Ministry’s report 
are confirmed by the picture obtained by the employ- 
ment service of the Register. Of those who graduated 
in 1951 only a very small number of men with first- 
or second-class degrees are still unemployed, while a 
larger number of women with such qualifications and 
still larger numbers of those with pass or general 
degrees have failed to find appropriate biological 
employment. In discussion Mr. Meara was able to 
reassure those who suggested that possible fields of 
employment have been overlooked. It was men- 
tioned that a re-assessment of the employment 
position has been made. This confirmed the general 
conclusions of the report on the supply and demand 
of biologists. 
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Prof. J. F. Danielli (King’s College, London), in a 
paper on “Biology in Universities’, quoted the 
Technical and Scientific Register’s estimate that 
universities are likely to absorb between fifty and a 
hundred biologists annually. His view is that under 
the impact of new knowledge the number of university 
biologists will be doubled in the next fifty years, 
leading to many new departments or the enlarging 
of existing departments with sub-departments such 
as, for zoology, protozoology, entomology, parisit- 
ology, ecology, comparative anatomy, cytology and 
genetics. On the analogies of physics and chemistry, 
a rapid growth of biological technology seems 
likely: this will need more specialized biologists, 
who could be trained either by existing universities 
or in possible new technological universities. Experi- 
ence has shown that small units in universities are 
very effective for the undertaking of fundamental 
research, and more appointments for research, as 
distinct from teaching, will be desirable. Adminis- 
trative assistants, recruited from capable general 
honours or pass graduates, in biological departments 
would undertake administrative work, thus freeing 
others for research and teaching. A revision of 
university teaching of biology is needed to allow for 
two streams of students, one following courses in 
botany or zoology as at present and the other 
specializing in subjects such as microbiology, bio- 
chemistry, cytology or genetics. 

As honorary secretary of the Institute of Biology, 
Prof. Danielli summed up the lessons to be drawn 
from the symposium. It is desirable that headmasters 
should be encouraged to keep up the flow of pupils 
really suited to biology ; discussions between schools, 
universities and employers should take place on the 
desirability of modifying existing courses; with 
existing courses students should be encouraged to 
take a physical science as a subsidiary subject ; more 
biologists should enter teaching; biologists and 
employers should consider that a biological training 
is particularly suitable for those in administrative 
positions; by directing attention to further useful 
applications of biological knowledge the demand for 
biologists might be increased. Dr. Edward Hindle, 
president of the Institute, proposed, from the chair, 
a vote of thanks to the speakers and those, chief 
among them being Mr. F. T. Walker, whose work 
had made the symposium so successful. 


OBITUARIES 


Dr. Th. Mortensen 


In Dr. Theodor Mortensen, who died on April 3 at 
the age of eighty-four, the zoological world has lost 
an authority of outstanding stature. Fifty-five years 
of his life had been devoted to the study of the 
Echinodermata, and of the Echinoidea in particular. 

Mortensen was born, the son of a schoolmaster, in 
Harlose, Denmark, on February 22, 1868. In 1885 
he entered the University of Copenhagen as a student 
of theology ; but study of the works of Darwin decided 
him to turn his mind to zoology. In 1894 he became 
assistant in the Zoological Institute at Giessen in 
Germany, and in 1895 he was appointed to the 
Danish Biological Station and from then until the 
end of his life he worked always in or as from his’ 
own country. He took the degree of M.Sc..at the 
University of Copenhagen in 1895 and received his 
Ph.D. in 1897. During 1899-1900 he was zoological 
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leader of the Danish Siam expedition. He was on 
the staff of the Department of Zoology at Copenhagen 
from 1902 until 1933, and during this period he 
travelled with expeditions to the West Indies (1905-6), 
the Pacific (1914-16) and the Indo-Malayan region 
(1922 and 1929-30), and collaborated with the Danish 
Ingolf, the German Plankton, the German and 
Swedish South Polar and the American Albatross 
Expeditions. From 1927 until a few months before 
his death he was occupied chiefly with the ‘“‘Mono- 
graph of the Echinoidea” published at the expense 
of the Carlsberg Fund. This fund also subsidized his 
research, so that from 1933 onwards he was freed 
from all other commitments. 

When Mortensen started work on the Echinoidea 
in 1897, the old era was closing with the life of its 
greatest figure, Alexander Agassiz. The classification 
of the fossil and Recent forms was alike based on the 
coronal and apical plates, and no fundamental 
advance seemed possible. Yet already by 1907 the 
work of the Ingolf expedition had enabled Mortensen 
to revolutionize the taxonomy of the Cidaride, 
developing Doederlein’s pioneer attempt to use the 
pedicellarie in classification. Further expeditions 
provided quantities of new material and made 
possible the application of his methods to other 
groups of Regularia ; and though at first his ideas 
met with authoritative and obstinate opposition, he 
lived to see them established in the end. 

Mortensen’s new taxonomic methods broadened 
the basis of classification by adducing, in addition to 
the characters formerly used, the micro-structure of 
the radioles, the form of the pedicellariz, the dis- 
tribution of spicules in the soft parts and the 
development of the pluteus larva—all of them 
features easily lost in fossilization—so that the 
placing of fossil species within his scheme became 
impossible in, for example, the Cidaride and 
Camarodonta. On the other hand, in groups with 
few living but many fossil representatives, an under- 
standing of the paleontological background was 
essential. He accordingly sought the guidance of 
Prof. H. L. Hawkins in studying fossil Echinoidea, 
and this helped to give balance to his views of 
phylogeny and descent. 

His opportunities were unique, for in the vigour of 
his youth he worked with the rich new harvests of 
the expeditions, and in the ripeness of his experience 
he could devote himself entirely to completing his 
life’s work. He was ideally fitted to make the most 
of these chances, for his immense capacity for work 
was guided by a harmonizing intelligence of extra- 
ordinary power. His work as a draughtsman and 
preparator was unsurpassed. His English style was 
lucid and forceful, marked, but not disfigured, by a 
quaintness of expression inevitable in the use of a 
language not native to the writer. There is never 
any blurring in his work of the limit between 
observation and inference, and in his ‘“Monograph of 
the Echinoidea”’ he was as much concerned to define 
what is still to be done as to summarize what is 
already known. 

Although he outlived most of his contemporaries 
in the field, his mind was continually refreshed by 
contacts with younger workers, whom he fired with 
his own enthusiasm. His fellow-workers are thankful 
that his knowledge did not pass unrecorded and 
grateful to those whose trust in him was so amply 
repaid. 

I acknowledge the help of Prof. Christian Poulsen 
with biographical details. R. V. MELVILLE 
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Prof. J. J. Nolan 


Joun J. Notan was born in Omagh, County 
Tyrone, on December 28, 1888. Entering University 
College, Dublin, in 1906, he graduated in 1909 with 
the highest distinction in experimental physics and 
was immediately appointed to the staff of the Physics 
Department. 

The influence of J. A. McClelland, in collaboration 
with whom he published in 1911 his first research 
an investigation of the electric charge on rain— estab- 
lished Nolan’s lifelong interest in atmospheric 
electricity. Later followed a series of papers on the 
mobility of ions produced in air by spraying water 
and by radioactive radiations in air under various 
conditions of drying. His most important work 
concerned the equilibrium of ionization in the lower 
atmosphere. Extensive observations, over many 
years, of the nucleus content and the number of large 
and small ions enabled various assumptions con- 
cerning the equilibrium to be tested, and showed 
finally that true equilibrium rarely exists. Other 
researches concerned the mass and size of condensa- 
tion nuclei, derived from measurements of their 
diffusion coefficient and rate of fall under gravity, 
using a method which he had himself developed. 
His last paper (in conjunction with P. Burke) estab- 
lished a connexion between the radium A content 
of the atmosphere and the number of nuclei. The 
results of his investigations, embodied in about forty 
papers, many the result of collaboration with his 
brother, P. J. Nolan, and his research students, 
constitute a lasting record of the work of the school 
of atmospheric electricity which he developed. 

On McClelland’s early death in 1920, Nolan suc- 
ceeded him as professor of experimental physics. He 
was an inspiring teacher with a fine voice and a 
commanding presence which enabled him to capture 
and hold the interest of very large first-year classes. 
Every lecture was a model of clarity, force and 
accuracy, emphasizing the physical ideas and using 
relatively little mathematics. For many years he 
was a member of the governing body of the College 
and of the Senate of the National University. In 
1940, when A. W. Conway became president of the 
College, Nolan succeeded him as registrar, and the 
administrative responsibilities of this post gradually 
curtailed his opportunities for research. 

A member of the Royal Irish Academy from 1920, 
he became secretary in 1923, a position which he 
retained until his election as president in 1949 ; thus 
for almost thirty years he served the Academy. He 
guided its fortunes during the formative years of the 
young Irish State and ensured that it retained in the 
learned life of the new Ireland the position to which 
its long and distinguished tradition entitled it. 
Nolan’s work on atmospheric electricity had given 
him an interest in other aspects of geophysics, and it 
was largely the advice he had given to successive 
Irish Governments which led Mr. de Valera, as head 
of the Government, to establish in 1947 a School of 
Cosmic Physics in the Dublin Institute for Advanced 
Studies. Nolan became the first chairman of the 
governing board of the new School. 

A silent and reserved man, Nolan nevertheless 
possessed a devastating wit which he exercised in 
congenial company. Always courteous and even- 
tempered, he rarely offered advice; but when he 
did, his balanced judgment and shrewd Ulster 
common sense invariably produced advice which it 
was unwise to disregard. A man of wide culture, in 
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his early years he wrote some excellent light satirical 
and scientific verse. He married in 1914 Miss Teresa 
Hurley and had four sons, the loss of one of whom, 
killed in 1945 while serving in the Royal Navy, he 
felt very deeply. During the past few years his health 
deteriorated, though he continued his many activities 
to the end of 1951. Attempting to resume work after 
Kaster, he collapsed and died on April 18 while 
lecturing on electromagnetic induction to a large 
class. 

His death leaves a gap in the life of his College 
and in the scientific life of Ireland which will remain 
unfilled for a long time. Tuomas E. NEVIN 


No. 4312 


Mr. Charles McDermid 


CHARLES McDERMID, who was born in Darlington 
in 1868 and died at Bexhill-on-Sea on May 7, was 
associated with the mining and metallurgical indus- 
tries for more than fifty years. In his early years he 
was secretary to the late Sir David Dale, who was 
chairman of the North Eastern Railway Company 
and of a number of coal, iron and steel companies. 
Later he went to London as assistant secretary of 
the Lron and Steel Institute and in 1900 was appointed 
secretary of the Institution of Mining and Metallurgy. 
He was largely responsible for the growth both in 
numbers and prestige of that Institution. 

In 1903 a representative meeting was held at the 
Mansion House to inaugurate a proposal for a 
memorial to -the late Sir Henry Bessemer. Mr. 
McDermid became honorary secretary to that com- 
mittee, and it was largely due to his personal efforts 
that funds were provided to build the Bessemer 
Laboratory at the Royal School of Mines. A strong 
liaison has always existed between the Institution of 
Mining and Metallurgy and the Royal School of 
Mines, and for many years Mr. McDermid represented 
the Institution on the governing body of the Imperial 
College, in the founding of which he had also taken 
an active part. 
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In 1920 he was invited to become secretary of the 
Institution of Mining Engineers, the previous head- 
quarters of which had been in Newcastle upon Tyne, 
and he continued to hold these two secretaryships 
until he retired in June 1939. On the outbreak of 
war, however, he returned to the Institution of Mining 
Engineers and guided it through the difficult war 
years. 

One of his greatest achievements was the major 
part he played in the organization of the Empire 
Mining Congress, the object of which was to bring 
together, triennially, representative mining engineers, 
metallurgists and economic geologists to discuss 
problems common to their relative Dominions and 
Colonies. The first Congress, held in London in 1924, 
was followed by meetings in Canada, South Africa. 
and London again. He strongly urged the view that 
the British Empire and the United States should 
collaborate as closely as possible to preserve the 
peace of the world, and to compile a complete record 
of the mineral resources of these two nations for use 
in the event of a further conflict. 

Charles McDermid travelled widely, and wherever 
he went he made and retained friends. His honesty 
of purpose, his kindness of heart and his interest in 
young engineers endeared him to all who came into 
contact with him. His death will be a sad blow to a 
host of friends throughout the world, both in distant 
cities and in the lonely outposts where mining men 
carry out their professional duties. 

J. A. S. Rrrson 


WE regret to announce the following deaths : 


Prof. John Dewey, emeritus professor of philosophy 
in Columbia University, New York, on June 1, aged 
ninety-two. 

Sir James Irvine, K.B.E., F.R.S., principal and 
vice-chancellor of the University of St. Andrews, on 
June 12, aged seventy-five. 





NEWS and VIEWS 


Linnean Gold Medal: Mr. |. H. Burkill 


THE presentation of the Linnean Gold Medal for 
1952 to Mr. I. H. Burkill, at the anniversary meeting 
of the Linnean Society of London on May 24, was an 
overdue recognition of the valuable work accom- 
plished in a long life by this still active botanist. 
Since 1900 he has been connected with the botany 
and botanical products of tropical Asia; during 
1912-25 he was director of the Botanic Gardens, 
Singapore, in which post he succeeded Mr. H. N. 
Ridley. After his retirement he continued his 
botanical studies and (in part with the late Sir David 
Prain) specialized, though by no means exclusively, 
on the genus Dioscorea. During 1937-44 he was 
botanical secretary to the Linnean Society. 

Burkill’s published work is not only considerable 
in quantity and varied in subject-matter but also of 
a high quality. His “Dictionary of the Economic 
Products of the Malay Peninsula” (Crown Agents for 
the Colonies, 2 vols., pp. 2402; 1935) is one of the 
most useful books of reference not only to the 
economic plants and other products of the Malay 
Peninsula but also to tropical economic botany in 
general. Many of the articles, arranged alphabetically 
according to subject, make excellent reading. Space 


will allow no more than a mention of Burkill’s mono- 
graphic researches on Dioscorea. ‘These are being 
continued. In Singapore, he was interested in 
problems of insect pollination, on which he published 
a series of papers. His work on the yams led him to 
an investigation of the structure and life-history of 
the black bryony and several important accounts of 
this plant were the result. Many of Burkill’s papers 
naturally dealt with plants of tropical Asia and were 
published in various journals in Britain and other 
countries. The many botanists who have received 
help from I. H. Burkill are gratified that he has been 
awarded the highest honour of the Linnean Society, 
and all his friends wish him health and strength to 
continue his researches on plants of the tropical and 
temperate regions. 


National Research Council of Canada: 
Dr. C. J. Mackenzie, C.M.G., F.R.S. 


Dr. C. J. MACKENZIE has resigned from the presi- 
dency of the National Research Council of Canada 
to become chairman of Atomic Energy of Canada, 
Ltd., and is succeeded by Dr. E. W. R. Steacie (see 
p- 1049). Dr. Mackenzie is a graduate in engineering 
of Dalhousie and Harvard Universities, and as a 
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young man practised his profession in the Maritime 
Provinces. After the First World War, in which he 
gained the M.C., he reopened the engineering faculty 
of the University of Saskatchewan and served as 
dean of the Engineering College from 1921. In 1939, 
he succeeded General A. C. L. MacNaughton as acting 
president of the National Research Council, becoming 
president in 1944. During the Second World War the 
staff of the Council expanded from three hundred 
employees to nearly two thousand, and twenty new 
laboratories were founded. Notable among these were 
the experimental station for explosives at Valcartier, 
the Suffield experimental station and the laboratories 
for nuclear research at Montreal and Chalk River. 
Since the War, the development of the research 
establishments of the Council has proceeded with the 
discrimination and good judgment which has always 
been characteristic of Dr. Mackenzie; the scientific 
staff of the Council has been invigorated by an influx 
of research fellows; senior staff have been chosen 
with care and success ; and the Chalk River Atomic 
Energy Research Establishment, with its high- 
intensity heavy water pile, has established an inter- 
national reputation by the quality of its work in 
nuclear physics and atomic energy. The Council has 
also greatly enlivened the research schools of the 
Canadian universities by its judicious grants for 
equipment and studentships. Dr. Mackenzie has 
therefore a remarkable record of successful admin- 
istration, and his numerous friends will wish him 
equal success in his new task. 


National Research Council of Canada: Review for 

1951 

More detailed and specific information on the 
work of the laboratories of the National Research 
Council, Canada, than is possible or desirable in the 
thirty-fourth annual report of the Council for the 
year ended March 31, 1951 (see Nature, January 26, 
p- 143), is now available in a publication entitled 
the ‘“National Research Council Review 1951” (N.R.C. 
No. 2560; pp. 285+13 plates; Ottawa: Queen’s 
Printer, 1952; 75 cents). This is intended for 
distribution to scientific workers, research institutions 
and the like, and describes chiefly the work of the 
Council during the year ended December 31, 1951, 
but includes some notes on early work in 1951. 
Stress is laid on the development of the postdoctorate 
fellowship plan: thirty-four fellows were employed 
in the Chemistry Division and seventeen in the 
Physics Division in June 1951, out of a total of fifty- 
six such Fellows drawn from twenty-four universities 
in twelve countries. In January 1951 a National 
Aeronautical Establishment was created, the policy 
of which, guided by a National Aeronautical Research 
Committee, will be to achieve an orderly develop- 
ment of facilities in aeronautical research and a 
closer integration of military and civil requirements. 
It will be operated on similar lines to the Atomic 
. Energy Project at Chalk River. Besides details of 
scientific staff and organization, the ““Review”’ in- 
cludes lists of publications of the various divisions, 
and reports from the associate committees with 
particulars of their membership, and of National 
Research Council staff serving as representatives on 
outside committees (see also p. 1049 of this issue). 


Geology at Reading: Prof. H. L. Hawkins, F.R.S. 

Pror. H. L. Hawkins retires from the chair of 
geology in the University of Reading this year. Prof. 
Hawkins graduated from the University of Manchester 
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(where he was the first Mark Stirrup research scholar 
in paleontology). He was appointed lecturer in geology 
in University College, Reading, in 1909, and became 
professor in 1920. His wit and carefully chosen 
phrases, blended with his outstanding qualities as a 
teacher, combined to make all his lectures fascinat ing, 
while his skill as a preparator not only enriched the 
collections he acquired but also led to the accumula. 
tion of funds much needed for the youthful Depart 
ment. Prof. Hawkins will, however, be known to 4 
larger circle by his research. In this his main interest 
has been in fossil Echinoidea. The series of papers 
in the Geological Magazine between 1909 and 1922, 
mainly on the Holectypoidea, illustrate his capacity 
for careful investigation and grasp of detail ; his 
skill as a preparator is exemplified especially by his 
paper on the lantern and perignathic girdle of some 
recent and fossil Echinoidea (Phil. Trans. Roy. Soc., 
B, 223, 617; 1934). Such detailed morphological 
studies are, of course, valuable in themselves ; but 
they have a much broader and more important value 
in the light they throw on problems of phylogeny. 
This aspect of Prof. Hawkins’s work is well illustrated 
by his classic paper on the morphology and evolu- 
tion of the ambulacrum in the Echinoidea Holecty 
poidea (Phil. Trans. Roy. Soc., B, 209, 377; 1920). 
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Of recent years he has turned more to Cretaceous | 


and Tertiary stratigraphy and tectonics, particularly 
those of the Thames Basin, both for their geological 
interest and their bearing on applied science. Prof. 
Hawkins has received many geological honours ; 
perhaps the one which pleased him most was his 
election to honorary membership of the Geologists 
Association, for he has always been one of the 
amateur geologists’ greatest friends and supporters. 
All his many colleagues at home and abroad will 
wish him well when, freed of administrative duties, 
he can devote his whole time to his favourite studies. 


Dr. P. Allen 


Dr. P. ALLEN, who succeeds Prof. Hawkins, is 
the first Reading. graduate to return there as a 
professor. After taking his Ph.D. at Reading and 
acting for some years as assistant lecturer, he was 
appointed to the staff of the Department of Geology 
at Cambridge, first as demonstrator and then as 
University lecturer. His main topic of research has 
been in sedimentary petrology, to which he has 
brought rigorous statistical controls. Most of his 
published work has been on the Wealden deposits 
of Great Britain ; but recently he was awarded the 
Sedgwick Prize for an essay on the Wealden strati- 
graphy of Northern Europe. At Reading, Dr. Allen 
will have plenty of scope for developing his chosen 
line of research, and we may look forward to the 
growth of a school of sedimentary petrology which 
will be founded on the broadest base of stratigraphical 
geology. Dr. Allen has proved himself to be no 
narrow-minded specialist but a geologist who can 
see problems in their widest perspective. With his 
enthusiasm and known teaching ability, we may rest 
assured that the school of geology at Reading, so 
ably established by Prof. Hawkins, will continue to 
grow in stature. 


American Academy of Arts and Sciences: Foreign 
Honorary Members 
TE following have been elected foreign honorary 
members of the American Academy of Arts and 
Sciences: Class I (Mathematical and Physical Sciences), 
Prof. Cornelius Gorter, director of the Kamerlingh 
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Onnes Laboratory, Leyden, and Prof. F. E. Simon, 
professor of thermodynamics, University of Oxford ; 
Class II (Natural and Physiological Sciences), Prof. 
K. von Frisch, professor of zoology, University of Graz, 
and Prof. J. B. Collip, dean of the Medical Faculty, 
University of Western Ontario; Class III (Social 
Arts), Geoffrey Crowther, editor of The Economist, 
London, and Dr. J. T. Bodet, director-general of 
Unesco ; Class IV (Humanities), Dr. A. C. Andrade, 
director of the National Institute of Anthropology 
and History, Mexico. 


Institution of Mechanical Engineers : 

Members 

Honorary membership of the Institution of 
Mechanical Engineers has been conferred on Lord 
Dudley Gordon, for his distinguished services to the 
Institution and to the achievement of its objects ; 
and on Mr. J. A. Jameson, for distinction in the 
practice, organization and administration of engineer- 
ing. Lord Dudley Gordon is a past-president of the 
Institution of Mechanical Engineers. He has special- 
ized in refrigeration and was president of the British 
Association of Refrigeration during 1926-29. Mr. 
Jameson is a director of the Anglo-Iranian Oil Co., 
Ltd., and during the course of his experience he made 
himself master of all the manifold technical aspects 
of petroleum exploration, exploitation, production 
and refining. 


Honorary 


Research and Development in Great Britain 
{EPLYING to a question from Lord Samuel in the 
House of Lords on June 12, Lord Woolton stated 
that a site immediately down-river from Waterloo 
Bridge and facing Somerset House has been reserved 
for the British Science Centre by the London County 
Council, which is the planning authority. At this 
stage he could give no assurance about when the 
Science Centre would come into existence, but he 
would use whatever influence he had to secure that 
it would take on a noble setting. In reply to Lord 
Samuel’s further inquiry regarding the policy the 
Government proposed to adopt to promote higher 
education of technologists, Lord Woolton said he 
could not hold out any hopes of an immediate and 
dramatic increase in the facilities for the training of 
higher technologists. After reviewing some of the 
applied research being carried out, Lord Woolton said 
he does not think British industry is making sufficient 
use of science or is properly staffed to do so. He is 
asking the Advisory Council on Scientific Policy to 
review the effectiveness of current arrangements for 
ensuring that the results of research make their con- 
tribution to the development of the British economy. 


Higher Technological Education 

Lorp Woo.utTon continued with a statement to the 
effect that the Government is convinced that the 
improvement of facilities for higher technological 
education is a most important means of increasing 
productivity in industry, and that this can best be done 
by having at least one institution of university rank, 
devoted predominantly to the teaching and study of 
the various forms of technology ; the practical pos- 
sibilities of doing this are being explored. The Govern- 
ment recognizes the important contributions which 
technical colleges can make to higher technological 
education, and details of proposals for making im- 
proved financial assistance available for selected 
colleges and courses will be announced shortly by the 
Minister of Education. The Government does not 
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propose, however, to establish a non-teaching award- 
making body under the title of Royal College of 


Technology—a much criticized proposal of the 
National Advisory Council on Education for Industry 
and Commerce which Mr. Attlee’s Government had 
accepted in its White Paper of September 1951. The 
announcement regarding a technological institution 
of university rank was generally welcomed in the 
debate which followed, notably by Lord Hall and 
Lord Waverley, and by the Bishop of Coventry, 
who urged its establishment in an industrial centre, 
and Lord Webb-Johnson. Lord Waverley also urged 
the raising to university-level of a few selected 
technical colleges and the linking of them with 
existing universities, while Lord Brabazon directed 
attention to the importance of a proper proportion 
of technicians to technologists. Lord Hankey 
reiterated his plea for a postgraduate college for 
scientists and technologists on the lines of the 
Imperial Defence College or the Administrative Staff 
College at Henley, and Lord Wavell and Lord 
Pakenham both raised the question of the general 
education of scientific men and the challenge this 
presents to the arts faculties of the universities. 


Nuclear Energy 


In replying on the debate, Lord Cherwell dealt 
largely with the question of nuclear energy. In 
referring to the proposed technological university, he 
agreed that it is essential that it should have complete 
freedom and the same rights as other universities ; 
but he also thought that there can be grave dis- 
advantages in the freedom of scientific men to move 
between Government service, industry, and the 
universities. He said he is not anxious to encourage 
the movement to industry, and perhaps abroad, of 
men who have been dealing with very secret matters 
in the Government service. However understandable 
that attitude may be, something more may be needed 
if the reluctance of scientific workers to enter certain 
branches of Government service, at which the 
Advisory Council on Scientific Policy hinted in its 
recent report, is to be overcome. Lord Cherwell, 
however, in the main reviewed the prospects for 
nuclear energy. These, he held, are improving. 
There is hope of making what is called a breeder 
reactor, where the fast neutrons are allowed to react 
with enriched uranium or plutonium. By this method 
it might be possible to use something like 60 per cent 
of the uranium, and although considerable capital 
investment and long-term investigation will be 
involved, there are prospects of success within a 
reasonable number of years. He also said that there 
is @ great advantage in making such nuclear bombs 
in place of the ordinary explosive bombs, in that if 
they are not used as bombs the materials can be used 
for this sort of reactor. Such developments, however, 
are limited by the availability of uranium and 
thorium. If we could use up the whole of the sub- 
stance of these elements, considerably less than 
100 tons of uranium or thorium a year would suffice 
in principle to provide all the power required in 
Great Britain. 


British Chemist’s Visit to Austria and Italy 
Pror. Joun ReaD, professor of chemistry in the 
United College, University of St. Andrews, has 
recently returned from a lecturing tour in Austria 
and Italy. The itinerary lasted for about a month 
and was sponsored by the British Council. Prof. 
Read received a warm welcome from the Viennese 
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men of science. A former student in the University 
of Zurich, he delivered his lectures in German and 
held various discussions in the chemistry departments 
of the University of Vienna. The lectures dealt with 
historical and humanistic aspects of chemistry and 
also with research work in terpene chemistry and 
stereochemistry. They were delivered in the two 
chemistry departments directed by Profs. Ebert and 
Wessely, respectively, where Prof. Read met most of 
the numerous workers in these very active research 
schools. He was also conducted over the Technische 
Hochschule by Prof. Waldmann and the Institut 
far Radiumforschung (which makes much use of 
radioactive products from the British installation at 
Harwell) by Prof. Bertha Karlik. The lavish hos- 
pitality extended to Prof. and Mrs. Read included a 
dinner arranged by the combined chemical societies 
at the Rathauskeller. From Vienna Prof. Read 
travelled via Venice to Milan and held similar lectures 
and conferences, mostly in Italian, at Pavia, Bologna, 
Modena, and other university centres. Rome wel- 
comed him as a labourer of international renown in 
the field of humanistic science, and as a student of 
philology who had rendered great service in placing 
on record the ancient customs and language of 
Somerset and Dorset and in writing and staging in 
the villages of Wessex “‘rustic dramas composed in 
that curious dialect’. Prof. Read is becoming well 
known among Italian men of science, as he undertook 
@ similar tour in Italy two years ago, in return for 
the award to him of the valuable Cortina-European 
Prize. 


Research Reports of the U.S. Atomic Energy 
Commission 


THE United States Atomic Energy Commission has 
issued many hundreds of unclassified and declassified 
reports on scientific research work, undertaken in 
various laboratories on its behalf. In order that these 
reports may be easily accessible to American users, 
complete sets of those which have not been pub- 
lished in the scientific and technical press have been 
sent to some forty universities and public libraries in 
the United States, which continue to receive new 
issues. In Great Britain, up to the present, there has 
been no complete set readily available, though the 
Science Museum Library, South Kensington, London, 
has acquired most of them. The United States 
Atomic Energy Commission recently decided to offer 
another British library the same facilities as the 
American depository libraries, and to provide it with 
all future issues of the reports, and all available 
copies previously published. The Sheffield Science 
and Technology Library has been chosen for this 
role, and an almost complete set of the reports has 
now been received there, dating from 1947, together 
with Nuclear Science Abstracts from vol. 1, 1948, 
covering both American and foreign research in the 
nuclear field. A proportion of the output of the 
Commission’s literature indexed in the Abstracts— 
apart from that in the so-called restricted or secret 
categories—is not issued in separate report form to 
deposit libraries because of publication in the tech- 
nical press, while there is a small number of items 
which exist in single copies only. Copies of these will 
be supplied if at all possible from the United States 
on loan through the Sheffield City Libraries, which 
will also make any of the reports in their collection 
available to callers or on loan to other libraries, firms 
and research organizations on request. Lending 
arrangements are similar to those applying to material 
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deposited by the Organization for European Econoinic 
Co-operation ; and the borrower pays postages. 


An Electrically Maintained Watch Movement 


A WRISTWATCH using an electrically maintained 
movement has been developed by the L.I.P. Company 
of Paris. The energy to maintain the electro- 
mechanical system in oscillation is derived from a 
primary cell having a volume of only some 700 ¢.min., 
and it is stated that the energy stored is sufficient to 
maintain the watch in operation for more than two 
years. The volume occupied by the mechanism is 
less than 400 c.mm. It appears that a satisfactory 
solution has been obtained to the problems of sealing 
the small primary cell and of producing a contact 
having the necessary mechanical and electrical 
characteristics. The watch has undergone tests 
during the past three years at the National Chrono- 
metrical Observatory at Besan¢on. 
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Science Progress 


An introductory article on spermatozoa by Lord 
Rothschild makes fascinating reading in the latest 
issue of Science Progress (40, No. 157). Besides the 
probabilities and mechanics of fertilization in plants 
and animals, Lord Rothschild uses spermatozoa to 
illustrate other aspects of cell physiology such as 
protoplasmic contractility, fermentation, oxidation, 
the cell surface and senescence. Other articles include 
Sir Edward Salisbury’s discourse on ““The Contempla- 
tive Gardener’, Dr. G. O. Jones’s account of develop- 
ments in low-temperature physics, the chemo- 
synthetic micro-organisms by Drs. W. O. Kermack 
and H. Lees, the velocity of light by Dr. L. Essen, 
and the structure of the so-called Golgi body by Dr. 
A. J. Marshall. The journal also contains the 
customary special section describing recent advances 
in astronomy, physics, meteorology, organic chem- 
istry, geology and botany, as well as the usual notes, 
and essay and short reviews. 


Handlist of South African Periodicals 


A HanDLIST of South African periodicals, current 
in December 1951, superseding that published in 
1946, has been issued as Grey Bibliography No. 5 by 
the South African Public Library, Cape Town (pp. 
54; 3s. 6d.). Compiled by C. Daphne Saul, it gives 
a classified list (with alphabetical index) of serial 
publications (other than school magazines), university 
and college magazines (other than those dealing with 
specific studies), parish and local church magazines, 
house journals, newspapers, monographs (except the 
Annals of the University of Stellenbosch) and annual 
reports of societies and institutions not accompanied 
by original papers. Additions and corrections to the 
list will appear regularly in the Quarterly Bulletin of 
the South African Library. 


Institute of Atomic Information 


AN Institute of Atomic Information has recently 
been formed, the object of which is to inform the 
lay public about the simpler aspects and applications 
of atomic energy. The activities of the Institute will 
be organized to provide an information bureau, 
study classes, lectures and film-shows, etc. It is 
hoped that men of science and engineers will utilize 
this platform to review the present state of the 
subject and the way in which progress is being made, 
particularly for peace-time uses of the new materials 
and forces which are becoming available. The address 
of the Institute is 23a Craven Street, London, W.C.2, 
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Research Grants of the U.S. National Science 
Foundation 


TuE National Science Foundation (2144 California 
Street, N.W., Washington 25, D.C.) has recently 
made forty-one science research grants, totalling 
406,660 dollars, to institutions in the United States. 
This is the second group of research awards to be 
announced this year under the Foundation’s pro- 
gramme for the support of basic research, bringing 
the total number of research grants so far announced 
to sixty-nine. The fields included are biochemistry, 
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biophysics, chemistry, comparative physiology, 
developmental biology, endocrinology, engineering, 
enzyme chemistry, experimental plant biology, 


genetics, microbiology, oceanography, physics, phar- 
macology and systematic biology. ‘ihe duration of 
research grants in this group ranges from one to five 
years, with an average length of 1:8 years; the 
average grant amounts to 9,919 dollars a year. 
‘These grants are in addition to the graduate science 
fellowships recently announced by the Foundation 
(see Nature, May 3, p. 737). 


Lady Tata Memorial Trust : Awards 


THE following awards have been made by the Lady 
Tata Memorial Trust for research on leukzemia and 
other blood diseases, to be conducted in the places 
shown during the academic year beginning October 
1: Grants for research expenses or for scientific 
assistance, Dr. P. Atanasiu (Paris), Dr. Astrid 
Fagraueus and Dr. Bo Thorell (Stockholm), Dr. N. G. 
Harboe (Copenhagen), Dr. C. Merskey (Cape Town), 
Prof. C. Oberling (Paris) and Dr. C. C. Ungley 
(Newcastle upon Tyne); Part-time personal grant, 
Dr. J. B. G. Dausset (Paris); Scholarships, Dr. J. 
Kieler (Aarhus), Dr. R. RKobineaux (Paris) and Dr. 
Ragna Rask-Nielsen (Copenhagen). In addition, a 
senior research fellowship has been awarded to Dr. 
A. R. Gopal-Ayengar, chief research cytologist at the 
Tata Memorial Hospital, Bombay, for work at the 
Chester Beatty Research Institute, Royal Cancer 
Hospital, London, on the biochemistry of normal and 
malignant cells. 


Exhibition of Alchemical 
Museum, London 


THE Science Museum, South Kensington, London, 
S.W.7, is going to have a series of special exhibitions 
of historic books and documents relative to science 
and technology, and the first of these, entitled “A 
Hundred Alchemical Books’’, will be opened on 
June 25 and will remain on view, free to the general 
public, until September. Alchemy, the supposed art 
of transmuting base metals into noble, was the fore- 
runner of chemistry and contributed to it most of its 
laboratory technique and even the idea of a lab- 
oratory itself. Scarcely any material relics of alchemy 
have survived, and the subject is therefore one to be 
most fittingly presented by an exhibition of books. 
The majority of alchemical books are well illustrated, 
not only with pictures of alchemical apparatus and 
laboratories, but also with the curious and often 
beautiful symbols in terms of which the alchemists 
understood Nature and their art. These symbolic 
pictures have for some years attracted the interest of 
the psychologists, especially of the school of C. G. Jung. 
The books in this collection, some of which are of 
extreme rarity, have been drawn mainly from the 
Science Library, but a number are from the library 
of the Museum of the History of Science, Oxford, 


Books at the Science 
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including the loan collection of H.S.H. Prince von 
Knyphausen ; from the collection of Mr. G. Heym ; 
and from a few other donors, private and public. 
Some modern books on the subject are also 
included. 


Announcements 


LoRD CHERWELL is to open the new Physics and 
Engineering Laboratories at King’s College, Univer- 
sity of London, on June 27. 


Mr. D. M. REID, senior biology master at Harrow 
School, has been awarded the Ketzius Medal of the 
Royal Physiographical Society of Lund, for his zoo- 
logical investigations and services to research workers 
from Scandinavia and particularly from Lund. 


THE British Social Biology Council is to hold a 
gala night in the Zoological Gardens on July 11, from 
7.30 until 10 p.m. Further information can be 
obtained from the Appeals Secretary, British Social 
Biology Council, Tavistock House South, Tavistock 
Square, London, W.C.1. 


THE title of reader in inorganic chemistry in the 
University of Nottingham has been conferred on Dr. 
C. C. Addison, from August 1, 1952. Dr. Addison 
was appointed lecturer in inorganic chemistry at 
Nottingham early in 1946, and his personal research 
work has been mainly concerned with surface 
chemistry. 


THE fifth award of the Oliver Memorial Fund (£50) 
will be made to a British subject for a notable con- 
tribution to the research, organization or donor aspect 
of blood transfusion. Applications and suggestions 
should be sent, before July 31, to the honorary 
treasurer, Mr. F. W. Mills, c/o National Provincial 
Bank, Ltd., Holborn Circus, London, E.C.1. 


THE J. G. Graves medical research fellowship of 
the University of Sheffield has been awarded to 
P. G. Walker, of the Rowett Institute of Animal 
Nutrition, Aberdeen, who will work primarily in the 
Department of Biochemistry. Dr. 8. I. Evans has 
resigned from his post as lecturer in fuel technology 
in the University on being appointed area chief 
scientist in the East Midlands Division, National 
Coal Board. 


THE Committee for the 1952 Radar Weather 
Conference will be holding its third annual radar 
weather conference in McGill University, Montreal 2, 
during September 15-17. The conference will follow 
the pattern of the previous two in providing symposia 
on radar meteorology and related studies, and in- 
formal discussions of recent advances. Further 
information can be obtained from the Committee at 
McGill University. 


A syMposium on ‘‘Present Problems in Nutritional 
Research’, under the auspices of the International 
Union of Nutritional Sciences, will be held in Basle 
during October 1-4. Seventeen papers will be 
read by leading experts in the various fields of 
nutrition from Belgium, Denmark, Finland, France, 
Germany, Great Britain, Sweden and Switzerland. 
The local organizer of the symposium is Prof. F. 
Verzar, of the Physiological Laboratory, University 
of Basle, to whom all inquiries should be addressed. 
Further information about the International Union 
of Nutritional Sciences can be obtained from the 
honorary secretary, Dr. Leslie J. Harris, Dunn 
Nutritional Laboratory, Milton Road, Cambridge. 
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SPIRAL NEBULA NGC 4216 


By Pror. BERTIL LINDBLAD and AINA ELVIUS 
Stockholm Observatory, Saltsj6baden, Sweden 


HE extinction of light by dark matter in our 

own stellar system and in extragalactic nebule 
is well known. It is mainly due to the diffraction of 
light by small solid particles, and consequently a 
considerable amount of scattered light should exist 
in interstellar space. In certain galaxies the central 
nucleus is exceedingly bright and well defined, and 
investigations of intensity, colour and polarization in 
the surroundings of the nuclei in a few spirals! 
indicate that light scattered by diffraction may 
actually be present here. A typical example is the 
spiral NGC 4216. This nebula has been investigated 
in different colours on plates obtained with the 40-in. 
reflector of the Stockholm Observatory, and later on 
plates taken with the 60-in. reflector of the Mount 
Wilson Observatory. Thanks to the kindness of Dr. 
Ira S. Bowen and Dr. W. Baade, a few plates were 
obtained also with the 200-in. telescope on Mount 
Palomar. The results described here have been 
derived from plates taken with the 60-in. and 200-in. 
telescopes. They give a detailed confirmation of 
results previously obtained with the 40-in. telescope 
at Stockholm. 


Fig. 1. Schematic picture of NGC 4216 with central isophotes in 
ultra-violet (full lines) and yellow (broken lines) 


2 


Sy — a 


Fig. 2. Diffraction of light from central system C in a thin layer 
of dust particles about the equatorial plane 


Fig. 1 shows schematically the shape of the iso- 
photes about the centre in ultra-violet and yellow 
light. The general run of the faint spiral arms is 
indicated. The central plane of the nebula has a 
strong inclination against the celestial sphere. The 
ratio between minor and major axis is nearly 1: 7, 
which corresponds to an angle of about 8° between 
the line of sight and the equatorial plane of the 
nebula. The spatial arrangement of the nucleus and 
the thin layer of the spiral structure is indicated in 
Fig. 2. We have every reason for assuming that this 
layer contains a fair amount of small diffracting 
particles. An elementary theory for the scattering of 
light from the nucleus, on the assumption that 
the scattering layer is optically thin,. gives for the 
intensity of scattered light in the direction of the 
observer 


I= py) =, ()". Ie 
sinB\r 


where p(J) is a phase factor depending on the angle 
v between the incoming and outgoing beam (p = | 
in the forward direction } = 180°), z is the optical 
thickness (average coefficient of extinction times the 
linear thickness), 8 is the angle of elevation of the 
line of sight (about 8°), r the distance from the 
centre, I, the average intensity of the nucleus. 
vy = 2 for r >, and smaller for r < r,. 

The asymmetry of the distribution of light about 
the centre has been measured in the yellow, blue and 
ultra-violet regions. The difference of intensity 
between points symmetrically situated on opposite 
sides of the nucleus has been found and studied. The 
relation of the intensity to the distance from the 
centre enables us to estimate 7, The measured 
intensity at this point gives for the blue spectral 
region approximately 

~, Be _ 9. 
rr 0-1 mag. 


measured on the ordinary magnitude scale. The 
diffracting layer is thus very thin, and the very 
considerable intensity of the scattered light is due to 
the high inclination of the nebula and the strong 
‘forward-throwing’ in the process of scattering. 
Individual dark clouds of higher density will, of 
course, exist in the layer. 

The dependence of the diffraction on the phase- 
angle | between the directions of the ingoing and 
outgoing beam for the three wave-lengths A = 0-57 u 
(yellow), A = 0-44 yp (blue), A = 0-37 pw (ultra- 
violet) has been investigated for various distances 
from the centre and for both sides of the minor axis. 
The results are illustrated in Fig. 3. 

We may compare these results with Blumer’s’ 
computations for dielectric particles of n = 1-25 





Fig. 3. Diffraction in NGC 4216 as a function of the phase-angle 
for yellow (broken line), blue — line) and ultra-violet (full 
ne) 





Fig. 4. Diffraction for a = 3 (broken line), a = 4 (dotted line), 
a = 6 (full line) in the case —- particles with n = 1°25 
umer) 
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NGC 4216 Blumer 
y 0-57 4 0-444 O-374 a=$3 a=4 a=5 
SBA ic AE RE ATES OR ES Bod 
90° 0-0 0-0 0-0 0-1 0-1 0-1 
120 0-4 0°3 0°5 0-1 0-1 0°3 
135 1:1 1°8 1-2 0°38 0°7 0:8 
150 3-0 3°9 3°7 3°3 3°8 3:4 
160 4°3 6-3 7:1 6°3 75 8°8 
170 | 6°7 11-7 16°3 9-2 10°9 16-0 
i130 (| ho — = - 10:2 12-4 31:4 








(n may actually be somewhat higher, but we have 
chosen n = 1-25 because of the extensive calculations 
made by Blumer for this value). We have chosen 
« = 3, 4, 5 to represent the three wave-lengths. The 
values given in Blumer’s tables have been multiplied 
by 2%. The results are shown in Fig. 4. It is evident 
that the main results of Fig. 3 are very well 
reproduced. 

The results are summarized in the accompanying 
table. Here the mean of the radius in the scattering 
diagram for the same value of Y on both sides of the 
minor axis has been taken. 

We have 

2 = 20, 
ry 
where ¢ is the radius of the particles. The values of 
a above correspond to p = 0-3 p, which agrees 
exactly with the mean radius in the frequency 
distribution as drawn by Oort and van de Hulst* for 
the dark matter of our surroundings. In the com- 
parison between the empirical and theoretical curves, 
we must take into account the effect of the spread 
in A within the spectral regions. This should be 
effective especially in the blue and ultra-violet, and 
will give an additional extension of the blue and 
ultra-violet curves towards the right relative to the 
yellow curve, as actually observed. The dispersion 
in radius p of the particles will also cause an increase 
in the elongation of the curves. 

The interpretation of the ‘blue’ central bulge of 
the late-type spirals given here is of importance 
because it solves the question of the direction of tilt 
for these nebule. The forward-throwing of the 
diffracted light indicates immediately which side of 
the nebula reckoned from the major axis must be 
the near one. ‘For NGC 4216 the relation between 
the direction of winding of the spiral arms and the 
direction of rotation observed spectrographically is 
found to be such that the spiral arms open up in the 
direction of rotation, as claimed by one of us from 
theoretical arguments. 

It may be added that the photographs of the 
nebula with the 200-in. telescope reveal an interesting 
small spiral structure in the central system. There is 
found here also a small spherical nucleus which is 
This small nucleus 
widens with increasing exposure towards the faint 
side of the nebula, opposite to the ‘blue’ bulge of 
the diffraction corona, and supports strongly the 
direction of tilt found from the diffraction. 

The nebula appears to be of the barred type, with 
the bar nearly, but not quite, at right angles to the 
line of sight. A secondary maximum close to the 
apparent major axis is probably the near end of this 
bar, the other end being obscured by heavy dark 
clouds. [March 12. 
Lindblad, B., Stockholms Observatoriums Annaler, 18, No. 8 (1941); 

14, No. 3 (1942). Ohman, Y., idid., 14, No. 4 (1942). Lindblad, 
B., and Delhaye, J., ibid., 15, No. 9 (1949). Elvius, Aina, ibid., 
17, No. 4 (1951). 
* Z. Phys., 82, 119 (1925); 88, 304 (1926). 
* Bull. Ast. Inst. Netherlands, 10, 187 (1946). 
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MECHANISM OF ACTION OF 
GLYCERALDEHYDE-3-PHOSPHATE 
DEHYDROGENASE 


By Dr. E. RACKER and |. KRIMSKY 


Department of Microbiology, New York University College 
of Medicine 


ig has been postulated by Warburg and Christian! 
that the oxidation of glyceraldehyde-3-phosphate 
to 1,3-diphosphoglyceric acid catalysed by glycer- 
aldehyde-3-phosphate dehydrogenase is preceded by 
a non-enzymatic formation of 1,3-diphosphoglycer- 
aldehyde. Doubts were cast on this mechanism by 
studies of Meyerhof and collaborators** and more 
recently by Biicher‘. 

An alternative hypothesis has been proposed in 
analogy with the glyoxalase reaction®, postulating a 
primary step in which the aldehyde reacts with a 
sulphydryl group on the enzyme and is oxidized to 
a thiol ester; and a secondary step in which the 
thiol ester is cleaved and phosphate accepts the acyl 
group. Evidence in support of this mechanism has 
now been obtained and can be summarized as 
follows : 

(1) Glutathione appears to be a firmly bound 
prosthetic group of the enzyme. From glyceraldehyde- 
3-phosphate dehydrogenase*, which had been re- 
crystallized several times, glutathione was extracted 
by acid and heat denaturation of the protein. 
Glutathione was identified by three independent 
enzymatic assay methods and by paper chromato- 
graphy of the reduced and oxidized form (Table 1). 


PROPERTIES OF SULPHYDRYL COMPOUND LIBERATED FROM 
GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE 


The glutathione was obtained from 570 mgm. of glyceraldehyde-3- 
phosphate dehydrogenase. The glyoxalase test was carried out as 
described previously (ref. 5). Nitroglycerine reductase was used as 
glutathione assay p= et to Heppel and Hilmoe, ref. 7), and 
glutathione reductase (refs. 


repared from yeast was used to 
assay octane aouthiens 
GSH equivalents in 


TABLE 1. 


micrograms 
Nitroprusside test 120 
Glyoxalase test (without cysteine) 120 
Nitroglycerine reductase 90 
Glutathione reductase test (after treatment of 
sample with hydrogen peroxide) 109 
RF in phenol 0-49 (reduced 
—— Rr 0-5) 
Rr in phenol after treatment with hydrogen 0-23 (oxi 
peroxide glutathione, RF 0-22) 


(2) 1,3-Diphosphoglyceric acid, generated from 
3- -phosphoglyceric acid and adenosine triphosphate 
in the presence of phosphoglyceric kinase’, was 
rapidly dephosphorylated in the presence of catalytic 
amounts of arsenate and glyceraldehyde-3-phosphate 
dehydrogenase. This arsenolysis took place in the 
absence of a hydrogen donor, but did not occur after 
bound diphosphopyridine nucleotide was removed 
from the enzyme by treatment with charcoal". 
Addition of diphosphopyridine nucleotide restored 
the activity of the charcoal-treated enzyme. Similar 
results were obtained with acetyl phosphate as 
substrate. This compound was recently shown to be 
formed from acetaldehyde in the presence of glycer- 
aldehyde-3-phosphate dehydrogenase!*. A _ similar 
arsenolysis of acetyl phosphate was demonstrated in 
the presence of phosphotransacetylase and reduced 
co-enzyme A}, 

(3) The arsenolysis reaction can take place after 
treatment of the enzyme with iodoacetate in amounts 
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sufficient to abolish completely the oxidation-reduc- 
tion reaction. Addition of glutathione was required 
for arsenolysis with iodoacetate-treated enzyme, and 
the rate was about 30 per cent of that with untreated 
enzyme. 

' (4) Thiol esters such as acetyl] glutathione or acety] 
thioglycollate are slowly attacked by the enzyme. 
From acetyl thioglycollate, acetaldehyde was produced 
through the dismutation reaction : 


DPN 
Glucose + acetylthioglycollate — gluconate + 
acetaldehyde + thioglycollate 


in the presence of glucose dehydrogenase (kindly 
given by Dr. H. Strecker), glyceraldehyde-3-phosphate 
dehydrogenase and catalytic amounts of diphospho- 
pyridine nucleotide. Acetaldehyde was determined 
by means of alcohol dehydrogenase or acetaldehyde 
dehydrogenase’®. 

(5) With large amounts of glutathione and in the 
absence of phosphate, acetyl glutathione is formed 
by the enzyme from acetyl phosphate or acetaldehyde. 
In the case of acetaldehyde as substrate, reduced 
diphosphopyridine nucleotide was reoxidized in the 
presence of lactic dehydrogenase and pyruvate 
(Table 2). Lower yields with acetaldehyde can be 
explained by inactivation of the enzyme in the 
presence of high concentrations of acetaldehyde. 


FORMATION OF ACETYL GLUTATHIONE FROM ACETYL 
PHOSPHATE AND FROM ACETALDEHYDE 
Experiment 1 contained, per ml.: 100 micromoles of potassium 
bicarbonate, 40 micromoles of acetyl hosphate, 200 micromoles of 
glutathione and 10 mgm. of glyce: dehyde-3-phosphate dehydro- 
genase. The mixture was incubated for 2 hr. at 37°, then brought to 
oH 4-6 with hydrochloric acid, heated A a boiling- water bath for 
5 min., cooled and diluted to 2-5 ml. A sample was taken for thiol 
ester determination, and the rest was used for chromatography after 
deproteinization with 4 volumes of alcohol 
Experiment 2 contained, per ml.: 100 micromoles of potassium 
bicarbonate. 100 micromoles of acetaldehyde, 200 micromoles of 
glutathione, 84 micromoles of potassium pyruvate, 1 micromole of 
diphosphopyridine nucleotide, 390 micrograms of lactic dehydrogenase 
and 10 mgm. of glyceraldehyde-3-phosphate dehydrogenase 


Acetylglutathione formed 


TABLE 2. 


Exp. Substrate icromoles) 
1 Acetyl phosphate 22-0 
2 Acetaldehyde 3°75 


(6) Diphosphopyridine nucleotide added to char- 
coal-treated enzyme (reduced enzyme obtained by 
isolation in the presence of 0-0016 M versene was used 
in all experiments) gives rise to an absorption band 
with a broad maximum around 365 mu. This absorp- 
tion is abolished by treatment with iodoacetate or 
p-chloromercuribenzoate, indicating formation of a 
complex between oxidized diphosphopyridine 
nucleotide and the sulphydryl group on the enzyme. 
Acetyl phosphate, 1,3-diphosphoglycerate or oxidation 
with hydrogen peroxide also abolish the absorption 
due to the diphosphopyridine nucleotide — enzyme 
complex. An interaction between reduced di- 
phosphopyridine nucleotide and _ liver alcohol 
dehydrogenase has been demonstrated by Theorell 
and Bonnichsen’*. 

The following mechanism of the overall reaction is 
suggested: the first step is conceived as a cleavage 
of the bond between the diphosphopyridine nucleotide 
and the sulphur on the enzyme by the aldehyde group 
of the substrate (‘aldehydolysis’). The hydrogen 
is transferred to the diphosphopyridine nucleotide, 
and the acyl group to the sulphur, whereby reduced 
diphosphopyridine nucleotide and a thiol ester are 
formed on the enzyme. The acyl group is then 
transferred to another site on the enzyme, where it 
combines to form acyl phosphate. In this manner one 
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can visualize how the acyl group on the enzyme ig 

transferable to either added glutathione or to phos- 

phate or to sulphydryl groups on the enzyme. 
[March 1s. 


* Warburg, O., and Christian, W., Biochem. J., 303, 40 (1939). 
s nen O., and J unowics-Kocholaty, R., J. Biol. Chem., 149, 71 
* Meyerhof, O., and Oesper, P., J. Biol. Chem., 170, 1 (1947). 
. a1 Sa and Garbade, K. H., Biochim. et Biophys. Acta, 8, 319 
Da). 
* Racker, E., J. Biol. Chem., 190, 685 (1951). 
6 = ae, T., Slein, M. W., and Cori, C. F., J. Biol. Chem., 173, 605 
? Heppel, L. A., and Hilmoe, R. J., J. Biol. Chem., 183, 129 (1955). 
* Conn, E. E., and Vennesland, B., J. Biol. Chem., 192, 17 (1951). 
* Mason, L. W., and Goddard, D. R., Biochem. J., 49, 592 (1951). 
+® Biicher, T., Biochim. et Biophys. Acta, 1, 292 (1947). 
— Me F., Velick, S. F., Cori, G. T., Cori, C. F., and Slein, M. w., 
J: Chem., 173, 618 (1948). 
as hae Pag ee Fed. Proc., 10, 195 (1951). 
3 Stadtman, E. R., Novelli, D., and Lipmann, F., J. Biol. Chem., 
191, 365 (1951). 
Racker, E., J. Biol. Chem., 184, 313 (1950). 
+8 Racker, E., J. Biol. Chem., 177, 883 (1949). 
** Theorell, H., and Bonnichsen. R., Acta Chem. Scand., 5, 1105 (1951). 
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SOME ASPECTS OF VINYL POLY- 
MERIZATION IN HETEROGENEOUS 
SYSTEMS 


By Dr. C. H. BAMFORD, Dr. W. G. BARB and 
Dr. A. D. JENKINS 


Research Laboratory, Courtaulds, Ltd., Maidenhead, Berks 


N the course of our studies of vinyl polymerization, 

we have investigated some systems in which the 
polymer is insoluble in the reaction mixture. The 
reactions studied include the polymerization of 
acrylonitrile and the copolymerization of styrene and 
maleic anhydride; we have also made a briefer 
investigation of the polymerization of vinylidene 
chloride. Detailed accounts of these will be published 
later; but we wish to record here some features of 
general interest. 

All these polymerizations, when thermally initiated 
by free radical catalysts, show an acceleration in rate 
in the early stages of reaction. This acceleration is 
absent when the reactions are carried out under 
homogeneous conditions, for example, in dimethy!|- 
formamide solution for acrylonitrile, and over a 
suitable range of monomer concentrations in the 
copolymerization of styrene and maleic anhydride. 
A similar phenomenon has been recorded by Prat! 
and Bengough and Norrish? for vinyl chloride and 
by Chapiro* for several monomers in the presence of 
precipitants. Burnett and Melville* have shown that 
in the photopolymerization of vinylidene chloride the 
rate is constant up to about 5 per cent conversion ; 
however, there must have been an increasing loss of 
light by scattering in these experiments as the 
insoluble polymer accumulated, so that an increase 
in rate with time at a constant rate of initiation 
would be expected. We have observed that with 
acrylonitrile the rate of the photo-initiated reaction 
increases only slightly with time, in contrast to that 
of the thermal catalysed reaction. 

Using a dilatometer technique, we have measured 
after-effects in the polymerization of acrylonitrile 
photosensitized by azobisisobutyronitrile and in the 
direct photo reaction. The after-effect increases with 
the time of irradiation, as indicated in the accom- 


panying table. 
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| | 
| | Extent of | 
| Incident reaction 
Time of intensity | ye a 
irradiation | (arbitrary)| irradiation | 
(min.) units) x 10? Gal") 
(ml.~*) | 
Photo- | | 
sensitized | | | 
reaction | 2 | I, | 6 22 | 
| 6-7 a 26-0 55 
12 31; 13-0 
Direct | | | 
reaction 6 | I | 39 ~i-4 
10 Ty 8-2 ~ 19 





A most striking effect was found when a dilato- 
meter containing acrylonitrile partially photopolymer- 
ized at 25° was heated to higher temperatures. Fig. 1 
shows the result of such an experiment in which the 
final temperature was 60°. When thermal equilibrium 
had been established, an extremely rapid reaction 
was observed ; this ceased after about two minutes, 
and the rate declined to the normal value. This 
result has been confirmed gravimetrically. Similar, 
but smaller, effects were obtained at lower tem- 
peratures; the rapid reaction has an activation 
energy of approximately 30 kcal. Qualitatively the 
same result was also obtained when the system 
contained no catalyst (curve 6, Fig. 1). The 
phenomenon (which also appears to a lesser extent 
in vinylidene chloride) must be ascribed to some 
kind of activity of the polymer prepared at the lower 
temperatures. This activity was retained completely 
both when the polymer was kept at low temperatures 
for comparatively long periods, for example, 40 hr. 
at 0°, and when the monomer was removed and 
afterwards reintroduced in vacuo. It is of interest in 
this connexion that Chapiro* has observed unusually 
long after-effects in the polymerization of acrylo- 
nitrile induced by y-rays. 

In the styrene ‘maleic anhydride system, the 
polymer obtained at very low concentrations of 
maleic anhydride is soluble in the reaction mixture 
(styrene diluted with o-dichlorobenzene) ; that pro- 
duced at higher concentrations of anhydride is 
precipitated in a swollen form. On plotting the rate 
of consumption of maleic anhydride against the 
anhydride concentration in the reaction mixture, a 
curve of the shape shown in Fig. 2 (a) is obtained. The 
point of inflexion shown corresponds to the transition 
from a soluble to an insoluble reaction product, and 
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Fig. 2. Mean rate of reaction of maleic anhydride, measured over 


approximately 1 per cent oon. Styrene diluted with 
an equal volume of : (@) o-dichlorobenzene, (b) decane. 0-025 per 
cent azobisisobutyronitrile, 60° C. 


indicates that heterogeneous conditions lead to an 
increase of the rate. If the reaction is carried out in 
styrene diluted with a non-solvent (decane), so that 
all polymers are insoluble in the reaction mixture, 
the shape of the curve is altered (see Fig. 2 (b) ) and 
there is no point of inflexion. 

The rate of reaction in the styrene/maleic anhydride 
system was found to be proportional to the square 
root of the catalyst concentration in homogeneous 
conditions. Under heterogeneous conditions the 
catalyst exponent is definitely larger, and of the 
order 0-65. We may note that Chapiro® has stated 
that the J'/* law breaks down under heterogeneous 
conditions in the polymerization of styrene. 

We have found that the kihetic effects discussed 
above are not caused by traces of impurities, for 
example, inhibitors such as oxygen. Our observations 
have led us to the following view of the nature of 
polymerization under heterogeneous conditions. A 
growing polymer radical must at some stage become 
insoluble in the reaction mixture. Such a single 
coiled radical will show some reduced reactivity ; but 
there will still be many configurations in which the 
active end is accessible to reactants, including other 
radicals. As the radical coalesces with precipitated 
dead polymer, the accessibility must necessarily 
decrease further. The relative kinetic importance of 
coiling and of occlusion by coalescence will depend 
on the particular system. If the polymer precipitate 
is swollen, coiling of individual radicals will be of 
little importance; with an unswollen polymer, 
especially of high molecular weight, the relative 
importance of coiling will be greater; but a detailed 
analysis of our results suggests that coalescence 
always plays the major part. On our model, propaga- 
tion, transfer and mutual termination will all be 
reduced under heterogeneous conditions; but the net 
effect is an increase in rate of reaction due to the 
disproportionately large reduction in termination. 
The polymer aggregate is an effective barrier for 
large radicals, so that true termination occurs almost 
exclusively between mobile radicals. A mobile 
radical can be formed within the aggregate by 
transfer with monomer, but the chance of escape of 
such a radical must be small; in addition to the 
possibility of transfer back to the dead polymer, the 
growth of the radical will further impede its escape 
from the aggregate. 
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The characteristic behaviour of heterogeneous 
systems will thus be determined inter alia by both 
the number of polymer particles present and their 
total weight. Of these, the former will determine 
the rate at which radicals become occluded, while 
the latter will affect the efficiency of the polymer 
barrier in the aggregate. 

The initial acceleration during thermal catalysed 
polymerizations, and the increase in after-effect with 
the extent of photopolymerization observed in the 
ease of acrylonitrile, result from increases in both 
these factors. The rapid burst of reaction which 
ensues on heating a mixture of monomer and photo- 
polymer prepared at low temperatures must be due 
to a sudden release of radicals occluded in the 
polymer ; this may result from a physical break-up 
of the aggregates or from the increased probability 
of transfer to monomer. The retention of activity 
by the polymer over long periods at lower tem- 
peratures suggests that some radical ends are so 
completely occluded that transfer processes forming 
mobile radicals are practically negligible under these 
conditions. We are studying the possibilities of 
direct estimation of the concentration of these long- 
lived radicals, and of their use as initiators for other 
reactions. 

Values of the catalyst exponent exceeding 0-5 may 
arise from two causes. First, polymer formed at 
different rates of reaction will exert different acceler- 
ating effects ; at lower rates the number of polymer 
particles present at any given degree of conversion 
will be less because more coalescence will already 
have occurred. Hence the probability of occlusion of 
radicals, and the consequent elevation of the rate, 
will be less at lower rates of reaction. Secondly, we 
may consider extreme cases of occlusion as spon- 
taneous termination, and this again would increase 
the catalyst exponent. The actual value of the 
increase in the exponent above 0-5 will depend on 
the physical properties of the polymer, and the rate 
of reaction in the system under consideration ; it 
may not be appreciable in some cases. 

Abere, Goldfinger, Naidus and Mark® observed that 
in the polymerization of styrene diluted with methanol 
the rate was unexpectedly high under conditions 
where the polymer was precipitated during reaction. 
They suggested that one factor producing this effect 
might be reduced termination due to inaccessibility of 
radicals within the precipitated phase. In this respect 
their concept was similar to ours; but they did not 
attempt to elucidate the general properties of hetero- 
geneous systems. The effect of non-solvents on the 
polymerization of several monomers was described 
in greater detail in two valuable papers by Chapiro’, 
who considered the phenomena to be analogous to 
the gel effect in homogeneous systems. 

Bengough and Norrish? have suggested a mechanism 
based on chain transfer with precipitated dead poly- 
mer to account for the acceleration observed in vinyl 
chloride. Although this may participate at high 
conversions, it is insufficient to explain several of the 
results in our systems: for example, the catalytic 
effect of polymers prepared in the absence of catalyst 
when heated in the monomer. 

It would appear that the phenomena encountered 
in heterogeneous polymerizations are too diverse to 
be explained in terms of either a simple gel effect, or 
immobilization of radicals by transfer to dead poly- 
mer. We consider that the ideas we have outlined 
are adequate to interpret our present knowledge of 
polymerization under heterogeneous conditions ; their 
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quantitative formulation will be difficult, because, ag 
also concluded by Chapiro*, the usual stationary. 
state treatment does not apply. [April 2. 

1 Prat, Mem. Serv. chim. de l’Etat (Paris), 32, 319 (1946). 

* Bengough and Norrish, Proc. Roy. Soc., A, 200, 301 (1950). 

* Chapiro, J. Chim. Phys., 47, 747, 764 (1950). 

* Burnett and Melville, 7'rans. Farad. Soc., 46, 976 (1950). 

* Abere, Goldfinger, Naidus and Mark, J. Phys. Chem., 49, 211 (1915), 


31-MEV. DUAL-BEAM BETATRON 
IN THE CANTONAL HOSPITAL OF 
ZURICH 


SERIES of articles dealing with the dual-beam 

31-Me\V. betatron produced by the Brown Boveri 
Company and with its applications to medicine, 
biology, physics and material testing has recently 
been published (Brown Boveri Review, issue of Sept- 
ember—October 1951). One of the most interesting 
articles is that which describes the installation in the 
Radiological Department of the Cantonal Hospital of 
Zurich, under the direction of Prof. H. R. Schinz, 
which is used mainly for the treatment of deep-seated 
malignant tumours. 

This betatron, installed in the winter of 1950, 
possesses the novel feature of two electron guns 
arranged to inject in opposite directions at periods 
in the magnetic cycle separated 180° in phase, and 
produces two beams displaced spatially by 180° from 
a single platinum target. The installation is in the 
basement of the building and consists of an apparatus 
room, two treatment rooms, a control room, two 
dressing rooms, a laboratory and a workshop. The 
betatron and its associated equipment are housed in 
the apparatus room between the two treatment 
rooms, and only treatment cones defining the irradi- 
ated area and the patient-target distance are visible 
in the treatment rooms. By means of a mirror 
system, both treatment rooms can be viewed from 
the control desk situated in the control room. The 
controls have been designed to be mainly automatic 
so that the device can be operated by non-technical 
staff and with independent control of each beam. 

Patients are shielded from. stray radiation by some 
1} tons of lead attached directly to the betatron, and 
this reduces its intensity to less than 0-1 per cent of 
that in either of the main beams. Adjacent rooms 
are protected mainly by concrete walls about 70 cm. 
thick, while the main beams are each absorbed in 
2 m. of concrete. Doors between the control and 
treatment rooms are of 4 cm. of lead. These pre- 
cautions reduce the stray radiation-level to a fraction 
of the tolerance dose of 6-2 mr./hr. 

The injection guns have a limited life of about a 
thousand hours, and to replace them it is necessary 
to remove the pumpless evacuated chamber (‘donut’) 
from the betatron. For this and other maintenance 
purposes, the complete betatron assembly weighing 
some 5} tons is mounted on rails and can be wheeled 
from the narrow confines of the apparatus room into 
one of the treatment rooms. It requires about two 
days to change a ‘donut’ and carry out subsequent 
magnetic readjustments to obtain optimum output. 

For the irradiation of patients, various field-sizes 
are required of uniform intensity over the entire 
irradiated field, and for this purpose there is a 
system of interchangeable resin-bonded lead-shot 
collimators with uniformity-correction filters of 
resin-bonded copper powder. In all, there are six 
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different such collimator inserts, and to each of these 
two extensions or treatment cones can be attached 
to give patient—target distances of either 75 or 100 cm. 
Thus twelve portals are available, some circular and 
some rectangular, with field areas ranging from 7 to 
314 sq. cm. The exposure times corresponding to a 
single treatment of 300 r. vary from 4 to 15 min. 
Patients are supported on vertically and laterally 
adjustable tables and rest against the end of the 
treatment cone. 

Operating experience obtained during the first five 
months shows that the apparatus meets satisfactorily 
the most exacting requirements of clinical service for 
a seven-hour daily working period. Forty patients 
have been treated during this time, and though, 
according to the report, a definite assessment will 
not be possible for some years, the results appear 
to be most promising. D. A. LAYNE 


No. 4312 


THE LIBRARY ASSOCIATION 
ANNUAL CONFERENCE 


N his presidential address to the Library Association 

conference at Bournemouth on April 29, Mr. L. R. 
McColvin suggested that, so far as the United King- 
dom is concerned, there are now on the whole enough 
libraries, and the questions requiring consideration 
are whether the libraries are of the right type and 
satisfying the right kind of demand. It is the 
responsibility of librarians and library authorities, he 
said, to help make books a living force in the world 
to-day ; few individuals can possibly acquire for 
themselves more than a fraction of the books they 
could advantageously utilize. To do this, even more 
than for the special library, it is necessary for the 
public librarian to have clear ideas of the purposes 
he is to serve. 

With this in mind, Mr. McColvin developed his 
philosophy of librarianship, arguing that the criteria 
of selection should be not primarily the quality of 
the book ; the aim should be to supply the best each 
reader is willing to take. That is a step towards 
encouraging the fuller and more fruitful utilization of 
human resources, and, with regard to this, he referred 
to the need for a much better organization for the 
dissemination of scientific and technological inform- 
ation at all levels, from the research worker to the 
one-man business, the operative and the student. 
This is one way in which libraries can promote 
growth, and Mr. McColvin believes that it is even 
more important that they should promote faith and 
understanding. In this connexion he referred as 
illustration to the need to make adequate provision 
for public library services in the British Colonies and 
to the establishment by the Library Association of a 
committee to deal with such obligations. 

In the concluding part of his address, Mr. McColvin 
insisted that each element in the library world should 
be in proper relation with all others which in any 
way share in its task of promoting the welfare and 
happiness of the community. The reference and 
technical and commercial departments of the public 
libraries in Britain should be able to call upon or 
refer inquirers to the libraries of research. The special 
library should see that its users are aware of the more 
general and comprehensive services of the public 
library ; and all libraries associated with education, 
from the primary school to the training college, the 
technical institute and the university, should not only 
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ensure that books are fully available and fully 
utilized for immediate educational processes, but also 
inculcate a life-long habit of wide reading undertaken 
in the spirit of search and inquiry. In Mr. McColvin’s 
opinion, one of the most valuable features of post- 
war librarianship has been the advance towards 
genuine integration. 

Although the majority of the papers presented at 
the conference were of no more than general or 
indirect interest to the scientific worker or tech- 
nologist, a number of them will repay reading by 
him for the way in which they show how the work 
of the public library can contribute to the formation 
of an educated public opinion in which scientific and 
technical work can be most fruitfully prosecuted. An 
excellent example is Alderman C. P. Russell’s paper, 
with its reference to the value of a good information 
service and the way in which the public library can 
encourage the wide reading that is an antidote to 
prejudice, complacency and apathy. Other papers of 
the same type include the annual lecture, delivered 
by Dr. L. Shores, dean of the School of Library 
Training and Service, Florida State University, with 
its reference to the function of the library in fostering 
free inquiry and overcoming both spiritual and 
material obstacles to such inquiry. Dr. Shores 
emphasized particularly the importance of avail- 
ability and accessibility of material, especially from 
the point of view of research, and the need for a 
co-operative effort to accelerate the dissemination of 
information required for such purposes and reduce 
the interval between the discovery and the application 
of new knowledge. 

This theme was developed further in several papers 
of some factual interest. These include W. B. 
Stevenson’s account of Chaucer House and its library 
and information service, W. C. Watts’s review of 
professional institutions and libraries, and K. A. 
Mallaber’s survey of the part played by government 
departments, and particularly the Board of Trade, in 
providing information for the business man. A. C. 
‘Townsend’s account of the beginnings of the Univer- 
sity and Research Section of the Library Association, 
1928-52, and E. A. Baker’s note on library research, 
may be put in the same group ; but Councillor A. H. 
Dilley’s discussion of libraries and the business man 
is more a pointer to potentialities and opportunities 
of library service. The paper of most direct interest 
to both the man of science and technologist is un- 
doubtedly that on technical college libraries, by 
L. L. Ardern, librarian of the College of Technology, 
Manchester. Without overburdening his paper with 
detail, Mr. Ardern marshalled sufficient factual 
information to provide convincing support for his 
argument as to the importance of such libraries in 
the expansion of both technical and higher tech- 
nological education, and to display some of the grave 
deficiencies that are still to be found. 

Quoting from the report on “Libraries in Technical 
Institutions’, which was issued in 1938 jointly by 
the Association of Technical Institutions, the Associa- 
tion of Principals of Technical Institutions and the 
Association of Teachers in Technical Institutions, 
Mr. Ardern stated that only thirteen such colleges 
then possessed more than five thousand books, and 
of these only five possessed more than ten thousand. 
Only fifteen colleges spent more than £200 a year on 
books, binding and periodicals, and only twenty-one 
then employed full-time librarians—at salaries 
ranging from £80 to £450. Nor does Mr. Ardern 
adduce any evidence to suggest that in the interval 
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the position has become less unsatisfactory or the 
need for drastic reform diminished. On the contrary, 
he stated categorically that the specific recom- 
mendations of this report, which were repeated in a 
1944 policy report, have still to be implemented 
fully, although this year’s annual report of the 
Library Association remarked: ‘‘technical colleges 
are now very much aware of the necessity of building 
up a@ strong and efficient library for the use of 
students’. Mr. Ardern’s paper directs attention to 
a Gefect in the present provision for technical 
education which calls for immediate action. It is 
not entirely a matter of buildings and accommodation: 
more generous provision for books and periodicals 
could be made without delay, and Mr. Ardern’s 
indication of the value and functions of trained staff 
should assist in -obtaining from the scientific and 
technical world, as well as from the Library Associa- 
tion, support for a more generous and enlightened 
staff policy which it is false economy to delay. 


NEW SOUTH WALES UNIVERSITY 
OF TECHNOLOGY 


HE first graduation ceremony of the New South 

Wales University of Technology (see Nature, 
165, 477; 1950) was held on March 15 in the Great 
Hall of the University of Sydney. It is of interest to 
note that, since the University of Sydney is cele- 
brating its centenary this year, there is almost one 
hundred years difference between the ages of the two 
institutions. The honorary degrees of D.Sc. were 
conferred upon the chancellor of the University of 
Sydney, Sir Charles Blackburn, Viscount Nuffield and 
Prof. M. L. E. Oliphant. Fifty-seven graduates were 
admitted to degrees by the president of the New 
South Wales University of Technology, Mr. Wallace 
C. Wurth, the degrees being distributed between 
engineering and science. Those present at the cere- 
mony included H.E. the Governor of New South 
Wales, Lieut.-General Sir John Northcott, the 
Premier of New South Wales, the Hon. J. McGirr, the 
Minister for Education, the Hon. R. J. Heffron, 
the Primate of Australia, Archbishop Mowll, Cardinal 
Gilroy, representatives of the Services, and senior 
representatives of education and industry. 

The honorary graduates addressed the large gather- 
ing, stressing the pioneering nature of the University 
of Technology and the co-ordination which must 
exist between other universities in Australia. The 
director of the University, Mr. A. Denning, in his 
report stressed that “in the early history of the 
University the reliance on the close co-operation and 
support of all branches of industry was not mis- 
placed. . . . The University thanks the many mem- 
bers of the advisory panels who have given valuable 
time to help the University. Every effort is being 
made to ensure that each student receives such 
stimulation as will enable him to develop his latent 
capabilities for work and thought and to fit him to 
assume social and political responsibilities inherent 
in communal life’’. 

Appointments to the following chairs in the Uni- 
versity have recently been announced. 

Nuffield Research Chair of Mechanical Engineering. 
As the result of a grant of £25,000 made from 
the Nuffield Foundation, a research professorship 
of mechanical engineering was established in the 
University, and Prof. A. H. Willis has been ap- 
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pointed to the chair. Prof. Willis obtained his 
B.Sc.(Eng.) with first-class honours and his Ph.), 
from the University of London and was awarded 
a Whitworth Scholarship. He spent five years 
as a member of the engineering staff of King’s 
College, London, and during the Second World War 
worked as a production engineer with Lagonda, Lid., 
where he was concerned with the production of 
shells, flame-throwers and other miscellaneous muni- 
tions. His association with the University of Tech- 
nology dates from his appointment as senior lecturer 
in mechanical engineering in January 1950, and later 
as associate professor in mechanical engineering. 

Chair of Metallurgy. Prof. R. H. Myers will occupy 
the chair of metallurgy in the University as from 
May 4. During the past few months Prof. Myers 
has been surveying the metallurgy developments in 
the United States and Great Britain prior to joining 
the University. In view of the potential metallurgical] 
development in New South Wales, the establishment 
of a Department of Metallurgy will be looked upon 
with considerable interest. 

Chair of Applied Physics. Dr. C. J. Milner, who is 
at present head of the Physics Section of the British 
Thomson-Houston Research Laboratory, Rugby, has 
been appointed to the chair of applied physics in the 
University. Dr. Milner, who is the son of Prof. 8. k. 
Milner, emeritus professor of physics in the University 
of Sheffield, is a graduate of the University of 
Cambridge, where he worked under the late Lord 
Rutherford, Sir John Cockcroft and Prof. P. Kapitza. 
His main fields of activity have been in vacuum 
physics, electronics, physics of solids and spectro- 
metry. During the Second World War, he was con- 
cerned in the developmen’ of ultra-short-wave 
klystron and magnetron valves, and infra-red devices. 
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The first annual report of the New South Wales 
University of Technology*, which covers the year 
ended June 30, 1950, reviews also the development 
of the University since the establishment of the 
Developmental Council was approved by the Govern- 
ment on July 8, 1947. The incorporation of the 
University sprang from the recognition by the State 
of the need for providing facilities for training and 
research in applied science and technology which 
would ensure an adequate supply of highly skilled 
scientific men and technologists for its expanding 
industries and for the continuous advance of scientific 
knowledge.The Developmental Council was established 
under the chairmanship of the Minister of Education 
to exercise immediate control over the University, and 
to recommend the principles that should be established 
for co-operation between the University and industry 
in industrial research and between the University 
and other educational and scientific bodies, including 
the University of Sydney. The Council was also to 
make recommendations regarding the appropriate 
structure for the future control of the University and, 
in the light of such inquiries, including a survey of 
existing technical college courses from the point of 
view of the needs of industry, to draft legislation 
for the incorporation of the University. 

While proposing to establish the University as an 
independent body, in view of restrictions imposed 
by post-war scarcities of building materials and 
equipment, the Council decided to start by utilizing 
the existing resources of the technical education 


* New South Wales University of Technology. First Annual Report 
of Proceedings for the Year ended 30th June 1950. Pp. 25. (Sydney : 
Government Printer, 1951.) 
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system. Accordingly, while substantial achievements 
like the establishment, in March 1948, of first degree 
courses in civil, electrical, mechanical and mining 
engineering, and, in March 1949, of degree courses 
in applied chemistry, and chemical engineering and 
the first postgraduate course in electronic engineering 
are recorded, and some indication is given of the 
research projects being undertaken in physics, applied 
chemistry and branches of engineering, the picture 
presented in this report is rather one of the develop- 
ment of a college of technology than of an autonomous 
university as such an institution is understood in 
Great Britain. The general principle of a Faculty of 
the Humanities and the establishment of a chair in 
this field have been approved, and so far as possible 
the course in humanities is to be common to all 
faculties. Language and literature, economics, 
history and psychology are to be included in all 
undergraduate courses; a further feature is the 
programme for extensive practicaltraining in industry 
which supplements lecture and laboratory work. 


No 4312 


SOUTH AFRICAN COUNCIL FOR 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH 
ANNUAL REPORT FOR 1950-5! 


Te sixth report of the South African Council for 
Scientific and Industrial Research* covers the 
year ended October 4, 1951, and includes the accounts 
for the financial year ended March 31, 1951, together 
with lists of publications during the year by the 
Council or its staff or by holders of research awards 
from the Council, and also details of the five senior 
and fifty-nine student research bursaries and twenty- 
one assistantships awarded during the year. The 
permanent staff of the Council now numbers three 
hundred and fifty, with about a hundred and twenty 
temporary members, and subsidies to the six indus- 
trial research associations and to the South African 
Institute for Medical Research totalled £46,000. 
Fellowships for long-term investigations into marine 
stand-oils, the processing of groundnuts and the 
treatment of dairy wastes have been established by 
industrial firms, and three by the Institution of 
Municipal Engineers for investigating methods of 
preventing the corrosion of cement sewers ; and one, 
sponsored by the blue-lime manufacturers, on the 
production and uses of blue lime, is in its third and 
final year. The National Housing and Planning 
Commission has created five fellowships for research 
into the methods of reducing the cost of native- 
African housing. 

Selection and classification procedures established 
by the National Institute for Personnel Research are 
now being applied as a normal recruiting medium by 
the Defence Forces and several gold-mining groups. 
The laboratories of the Paint Industries Research 
Institute in the new science block at Howard College, 
University of Natal, Durban, were opened in May 
1951, and the foundation stone of the building for 
the Sugar Milling Research Institute was laid in 
June 1951. The Bituminous Binder Research Unit 
started operations early in the year, and temporary 
accommodation for the South African Wool Textile 
Research Institute has been provided by Rhodes 


* Sou‘h African Council for Scientific and Industrial Research. Sixth 
Annual Report, 1950-51. Pp. viii +80. (Pretoria, P.O. Box 395 ; 1952.) 
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University, Grahamstown. Eight medical research 
units supported by the Council are working smoothly, 
and a ninth, dealing with applied physiology, has 
been taken over by the Transvaal Chamber of Mines. 

In the National Chemical Research Laboratory, 
X-ray diffraction technique and differential thermal 
analysis have permitted the identification of the 
occurrence of attapulgite, a clay with many industrial 
uses. A survey of ‘Transvaal chromites is almost 
complete, and fundamental work on the spontaneous 
combustion of coal has been continued. The mech- 
anism of decomposition of dolomite at 600-900° C. 
has been elucidated, and research on seaweeds 
initiated. A survey of the Berg River in the Cape 
area has thrown much light on the breeding seasons, 
periods of maximum abundance and preferences in 
substratum of individual species of flora and fauna 
of the stream. The behaviour of superphosphate in 
South African soils is being studied with the aid of 
radioactive phosphorus. 

In the National Physical Laboratory, a recording 
photometer is being developed for astronomical 
sequences, an integrating photometer for the 
accurate measurement of light from very faint 
sources and a microphotometer for rapidly scanning 
photographic plates are being designed. Acoustic 
equipment for determining the elastic properties of 
samples of concrete has been developed for the 
National Building Research Institute, and further 
work has been done on checking the accuracy of the 
equipment used in maintaining the International Tem- 
perature Scale. A Consolidated—Nier mass spectro- 
meter has been used for studying the exchange of car- 
bon between gases and solid carbonates and to determ- 
ine small amounts of hydrogen in gases in which 
carbon dioxide and nitrogen are present. A simple and 
powerful method has been developed for predicting 
the number of carbon atoms in the chains of synthetic 
crystalline hydrocarbons in which ‘basal reflexions’ 
at small angles of glancing incidence are accentuated 
so that they can be measured on the Geiger-counter 
spectrometer. The Telecommunications Research 
Laboratory has been concerned mainly with the study 
of radio propagation and radio-noise levels and with 
the development of a crystal-controlled all-wave 
receiver. The National Building Research Institute 
has continued its work on the use of high-magnesia 
limestone and the transmission of heat through the 
elements of buildings. A new advisory committee 
has been appointed for the National Institute for 
Personnel Research, and the eight medical research 
units have consolidated their work, that on amcebiasis 
having established the extreme value in immediate 
control of the antibacterial drugs. 


NATIONAL RESEARCH COUNCIL 
OF CANADA 
RECENT APPOINTMENTS 


HREE appointments to the National Research 

Council of Canada have recently been announced 
as follows: Dr. E. W. R. Steacie to be president of 
the Council in succession to Dr. C. J. Mackenzie, 
who has been appointed president of the newly 
created Crown Company, Atomic Energy of Canada, 
Ltd. (see p. 1037); Dr. Leo Marion to be director, 
jointly with Dr. Steacie, of the Division of Pure 
Chemistry at the National Research Laboratories ; 
and Dr. Ira E. Puddington to be director of the 
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Division of Applied Chemistry at the National 
Research Laboratories. 

Dr. Steacie, who has been vice-president (scientific) 
since 1950 of the National Research Council and 
director of the Division of Chemistry since 1939, has 
worked principally in the field of photochemistry 
and gas reactions, which is becoming increasingly 
important as the basic work underlying petroleum 
technology. Before joining the staff of the Council, 
he was a professor of chemistry in McGill University, 
from which he originally graduated. During the 
Second World War he was engaged in the organiza- 
tion of chemistry in Canada for war purposes and 
in 1946 made an O.B.E. Dr. Steacie has given service 
to the Royal Society of Canada, being honorary 
secretary during 1940-43 and president of Section 3 
during 1947-48, and in the Chemical Institute of 
Canada he has held the office of president during 
1949-50. In 1948 he was elected a Fellow of the 
Royal Society of London. 

Dr. Marion was formerly assistant director of pure 
chemistry in the National Research Council and will 
continue his work as head of the Organic Chemistry 
Section. He graduated from Queen’s University, 
Ontario, in 1926 and took his Ph.D. at McGill Univer- 
sity in 1929. He then joined the National Research 
Council as a member of the staff of the Canadian 
Journal of Research ; but in the following year trans- 
ferred to do research in the Division of Chemistry. He 
spent a period during 1934-35, on leave of absence, at 
the University of Vienna, where he worked on alka- 
loids in the laboratory of Prof. E. Spaith. In 1943 Dr. 
Marion was appointed head of the Organic Chemistry 
Section, and in 1947 he took on the added respons- 
ibilities of being editor-in-chief of the six Canadian 
Journals of Research. For the past two years he has 
been assistant director of the Division of Pure 
Chemistry. Among the honours he has gained are 
an M.B.E. and, for his contributions to alkaloid 
chemistry, the Medaille Leo Parizeau of the French 
Canadian Association for the Advancement of Science. 

Dr. Puddington, who will also continue in his 
appointment as head of the Colloids Section, is noted 
both in the field of applied research, such as work on 
lubricating greases, and in researches on fundamental 
knowledge, such as methods of determining the mole- 
cular weights of large molecules. He graduated 
from Mount Allison University in 1933 and then 
went to McGill University, where he took his M.Sc. 
in agricultural chemistry in 1936 and proceeded to 
a Ph.D. in physical chemistry two years later. He 
joined the staff of the National Research Council 
in 1938 to work on an industrial problem with 
greases in the Colloids and Plastics Section, and 
became head of this Section in 1944. Since then, 
Dr. Puddington’s numerous outstanding contribu- 
tions both to colloid chemistry and to indusirial 
development have established him as the leader in 
these fields in Canada. 

The Honorary Advisory Council for Scientific and 
Industrial Research (which is the full title of the 
National Research Council) now consists of Dr. 
E. W. R. Steacie as president, Dr. David A. Keys as 
vice-president (scientific) and Mr. E. R. Birchard as 
vice-president (administration), and seventeen other 
members. Among the members, the following 
appointments have been made, each being for a 
three-year tenure of office: Dr. T. Thorvaldson, 
dean of graduate studies emeritus, University of 
Saskatchewan, and Prof. W. H. Watson, head of the 
Department of Physics, University of Toronto, have 
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been appointed new members; Dr. J. H. L. John- 
stone and Brigadier F. C. Wallace, both of whom 
have already served on the Council, and Dr. ©. J, 
Mackenzie have been re-appointed to the Council as 
members for a further term of office. 
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PLANT PATHOLOGY 
A NEW QUARTERLY JOURNAL 


T is becoming increasingly obvious that a consider- 

able loss of food supplies is caused by crop disease, 
The science of plant pathology is a vigorous study, 
increasing in importance as it proves its practical 
worth, but there is an urgent need for new knowledge, 
and an insistent demand for the adequate dissemina- 
tion of known facts. Many scientific papers on 
various subjects must now wait a considerable time 
before publication, with consequent delay in the 
availability of results. This is particularly to be 
deprecated for a practical subject, and it is therefore 
most gratifying that the Ministry of Agriculture 
and Fisheries, through its Plant Pathology Labora- 
tory at Harpenden, Herts, has now started a new 
quarterly bulletin of current work on plant diseases 
and pests—Plant Pathology (1, No. 1, pp. 34; March 
1952. London: H.M.S.O.; 4s. net or 16s. 6d. a year). 

In an introduction to the first number, W. C. 
Moore defines plant pathology with a welcome breadth 
of outlook, as providing common ground for the 
mycologist, entomologist, virus worker, helmintho 
logist, bacteriologist, nutrition or soil chemist, 
meteorologist and plant physiologist. The contents 
of this first number substantiate this complete 
schedule of pathological conditions, for one paper 
describes trials of substitutes for sulphuric acid for 
killing potato haulms, and another gives details of 
rabbit repellents for fruit trees. Sodium chlorate, 
sodium arsenite, tar oil fractions (TOF 54) and tar 
acid emulsions (TAC 49) all achieved good leaf-kill 
on potatoes, but were rather variable in stem kill ; 
none was quite as good as sulphuric acid. Trials with 
four machines for mechanical haulm destruction are 
also described. This paper introduces another ex- 
cellent feature of the new publication, for it is a 
contribution from the conferences of crop-husbandry 
officers and plant pathologists of the National Agri- 
cultural Advisory Service, compiled by E. C. Large, 
of the Plant Pathology Laboratory. Of the rabbit 
repellents, compound 96A (resin, asphalt emulsion, 
copper sulphate, copper carbonate and lime-sulphur 
dissolved in ethylene dichloride) gave the best results 
(Harry V. Thompson and C. J. Armour). 

Selection of these two papers would be invidious, 
were it not that they show the wide outlook already 
mentioned. There are also the first part of a paper 
on the identification of aphids of economic importance 
(H. L. G. Stroyan); papers on principles underlying 
plant import and export regulation (W. C. Moore) ; 
a compilation of results from surveys for choke 
(Epichlée typhina) in cocksfoot seed crops; the 
control of millet smut by seed disinfection (W. A. R. 
Dillon Weston and Elizabeth R. Schofield), and on 
tortrix moths of fruit trees in Essex (H. C. Gough). 
There are brief descriptions of the weather of England 
and Wales during the spring and summer of 1951, 
and a survey of cereal diseases in 1951. The whole 
forms a most useful booklet, excellently produced, 
with four pages of half-tone illustrations and nine 
line-diagrams. It should fill, with distinction, a 
long-felt want. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Variations in the Relative Abundance of the 
Carbon Isotopes in Plants 

THROUGH the investigations of A. O. Nier and 
co-workers’, it is known that the isotopic composition 
of carbon in living matter and related materials is 
different from that in carbonates. 

About a hundred plants, representing most of the 
major plant groups, have been investigated (see 
diagram). It was found that generally the isotope 
ratio did not vary with the systematic position of a 
plant. The only exceptions to this rule are the 
gymnosperms ; though it is possible, but improbable, 
that this effect is caused by an unfavourable selection 
of plant specimens. 

On the other hand, various biotopes show interest- 
ing regularities in the distribution of isotope ratios. 
If the samples investigated are referred to our 
standard sample used in earlier investigations’, 
tropical rain-forest plants and hydroplhytes from 
stagnant water give values of the isotope ratio 
around 91. Marine plants and other hydrophytes 
in non-stagnant water generally give values in the 
interval 89-0 90-4. Desert plants also give values lower 
than those characteristic of tropical rain-forests. 

The high values observed in tropical rain-forests 
are by no means observed only there; on the con- 
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trary, they can be found in plants from other biotopes 
representing quite different conditions. 

Various hypotheses have been postulated in order 
to explain the results, and they can easily be de- 
scribed in terms of the ‘local carbon dioxide cycle’, 
well known to botanists and geochemists. It is 
assumed that there is a difference in the rate of 
assimilation of the light and the heavy carbon dioxide 
molecules. ‘This difference is accentuated by the 
cycle: ‘local air’ - plant —soil—‘local air’, which 
works as an isotope enrichment process, assuming 
there is an exchange between the ‘local’ air and the 
‘main’ atmospheric air. At places where this cycle 
is intense the isotope effect is large; where it is 
almost absent, for example, in deserts or very windy 
places, the isotope effect will be small. 

In the case of aquatic plants, the carbon dioxide 
cycle can develop in stagnant water, and the largest 
enrichments are also observed there. 

These results are also of some interest in connexion 
with the carbon-14 method for age determinations. 
The observed effects will be accentuated because the 
difference in rates of assimilation will be much larger. 

Full details of this work will be published in Acta 
Geochimica et Cosmochimica. 

Frans E. 
Department of Mineralogy, 
Swedish Museum of Natural History, 
Stockholm 50. Jan. 10. 


'Nier, A. O., and Gulbransen, E. A., J. Amer. Chem. Soc., 61, 697 
(1939). Murphey, B. F., and Nier, A. O. Phys. Rev. , 59, 771 (1941). 

* Wickman, F. E., Blix, R., and von en H., J. Geol., 59, 142 (1951). 
Wie kman, F. E., and von Ubisch, ’ Acta Geochim. and Cosmo- 
chim., 1, 119 (1951). von aan H., von Ubisch, H., and 
Wickman, F. E., ibid. (in the press). 


WICKMAN 


Anal and Oral Water Intake by Crustacea 

In the majority of small and transparent Crustacea, 
water can be seen with a microscope to be pumped 
into the alimentary canal by rhythmic antiperistaltic 
movements of the rectum repeated at intervals of 
one to a few seconds. This anal drinking is continuous 
in small species and in the young of larger species ; 
it occurs in intermittent series of gulps in the adults 
of larger species. 

In prawns it is clear that the intermittent anal 
intake of water acts as an enema, for it occurs only at 
the time of defecation, which is preceded by one or 
two dozen rapid rectal gulps of water. The continuous 
anal intake of water by smaller Crustacea acts like- 
wise as an enema, being continuous because of the 
more frequent defecations, due to the higher meta- 
bolism and therefore greater food requirements of 
small animals. The water acts as an enema as in 
man, stretching the gut-wall muscles until they 
contract. 

In prawns the rectal swallowing of water initiates 
and maintains intestinal antiperistalsis; at other 
times the intestine wall is still. This antiperistalsis 
moves the swallowed water forwards towards the 
thorax. A second function of anal drinking is thus 
to stretch the walls of the intestine until they con- 
tract antiperistaltically. This may be compared with 
the initiation and maintenance of the heart-beat in 
molluses by hydrostatic pressure, and with Starling’s 
‘law of the heart’ in mammals. 

In the past it has been thought that the rectal 
swallowing of water by Crustacea is respiratory. This 
opinion was apparently strengthened by experiments? 
showing that a deficiency of dissolved oxygen in the 
water increases the rate of rectal swallowing move- 
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ments. I have not been able to confirm these experi- 
ments. For this reason, and because the amount of 
water swallowed by the rectum is very much less 
than the amount passed over gills, it appears that 
the function of the anal intake of water is not 
respiratory. 

Anal water intake might have an osmoregulatory 
function in freshwater Crustacea, supplying the salts 
required to maintain the blood at a higher osmotic 
pressure than the water. But if this were so, the 
drinking should be more pronounced in freshwater 
than marine forms, whereas this is not so. 

In the majority of small and transparent Crustacea, 
water can be seen to be swallowed more or less 
continuously through the mouth, by rhythmic 
peristaltic movements of the gullet. A function of 
the oral drinking seems to be the same as that of anal 
drinking, namely, to stretch the muscles of the gut- 
wall so that they contract efficiently, an important 
result of which is that food and digestive enzymes are 
mixed. A second function of oral drinking, seen in 
Dephnia, is to force the food in the midgut back 
towards the rectum. 

Since the muscles of the middle regions of the 
crustacean gut require stretching by hydrostatic 
pressure in order to contract efficiently, how do the 
muscles of gullet and rectum pump water inwards 
against pressure without being stretched in this way ? 
The gullet and rectum have dilator muscles inserted 
into the exoskeleton. These dilators suck in the water 
through mouth and anus, and by stretching the 
circular muscles they enable these to pump the water 
into the gut, by peristaltic contractions in the gullet 
and antiperistaltic contractions in the rectum. The 
dilator muscles act as a suction pump; the circular 
muscles, stretched by the dilators, act as a force 
pump. 

Much more -water is pumped into the gut of 
Crustacea than makes its exit at defecation. This 
water must pass through the gut wall into the blood 
and out of the body through the excretory organs, 
the antennary or maxillary glands. If Daphnia is 
put into a solution of a dye, the dye can be seen to 
accumulate in the lumen of the midgut, between 
peritrophic membrane and wall, in much greater 
concentration than in the solution outside the animal. 
This process of concentration must be due to the 
extraction of water from the solution through the 
gut wall. It is, of course, necessary for excretory 
organs to have a flow of water ; but it is remarkable 
that such a large quantity of water is swallowed by 
Crustacea, taken into the blood and then excreted. 

A full account of this investigation will appear in 
the Journal of Experimental Biology. 

H. Munro Fox 
Bedford College, 
University of London. May 2. 
1 Weismann, A., Z. wiss. Zool., 24, 349 (1874). 
2 Seidentop, W., Arb. ung. biol. Forsch.-Inst., 3, 82 (1930). 





An Experimental Demonstration of the 
Dependence of Phyllotaxis on Rate of 
Growth 


THERE is probably fairly general agreement to-day 
that new leaves arise in the first available space, be 
this space determined by the inhibitional fields of 
adjacent primordia! or according to a more general- 
ized theory of geometrical packing?. The apex 
possesses no intrinsic spiral properties; but as the 
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Snows** and others have shown, the phyllotaxis 
depends on circumstances and can be altered, or the 
genetic spiral reversed, by various experimenta] 
treatments. 

“There is . . . in every spiral phyllotaxis syst«-m, 
one complete cycle of primordia crowded at the apex 
and in the meristematic phase of development.’’, 
In accordance with the older fractional system of 
denoting phyllotaxis, a system still convenient for 
defining adult leaf arrangement, the number of 
primordia in this cycle has been considered as ecjua! 
to the number of ‘orthostichies’, or the denominator 
of the fraction‘. On the ‘contact parastichies’ method 
of defining phyllotaxis, now thoroughly established®.', 
the number of leaves in the top cycle corresponds 
to the number of parastichies in the steeper (numeric- 
ally larger) set. 

One would expect a positive correlation to exist 
between the rate of growth, and therefore the size 
and vigour of the apex, and the number of primordia 
in the top cycle. Most students of phyllotaxis, doubt- 
less, have observed this correlation in Nature ; but, 
to my knowledge, it has not so far been demonstrated 
experimentally. Indeed, as Richards* has stressed, 
although nutrition may be expected to affect plasto- 
chrone ratio (that is, phyllotaxis), the analysis of the 
influence of nutritional factors in phyllotaxis is 
overdue. Large populations of plants are desirable, 
each set of plants being grown under uniform con- 
ditions of nutrition. 

The accompanying table gives an analysis, in terms 
of phyllotaxis, of four 100-seedling populations of 
Ulex europeus L. which were grown, each in a 
chamber, under uniform conditions of soil, tempera- 
ture, light and humidity. 

The different population growth-rates, defined in 
the table on a dry-weight basis, were controlled 
through various combinations of temperature and 
light. Details of these conditions are not given here, 
since it is assumed that they exerted their marked 
effects upon phyllotaxis indirectly, through growth- 
rate. The steady progression, with increasing rate of 
growth, to a higher system of phyllotaxis is strikingly 
shown. No special significance, of course, is to be 
sought in the fact that the tota!s (197, 199) are nearly 
identical. The only aberrations concern some distri- 
butions of left- and right-handed spirality: but 
further work might well prove such variations in- 
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significant. Theoretically, of course, the genetic 
spiral should be as often dextral as sinistral. 
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When tested at the end of the dark 
period the stomata of plants given long 4 
day were found to be almost com- 
pletely closed while in the short-day set 12h 
considerable opening (occasionally up 
to two-thirds of the fully open condi- * Full Light Dark Full Light 
tion) had taken place. Some of these j 
results collected at various dates are —= ae ee ae ee” eT le eS 
shown in the accompanying table, pm. en ae ae ae 
the figures being the mean diameter Time of day 
. across the stomatal pore in microns. stomatal movement during the conse of, ae » tp long a and ~ SS 
With a few exceptions five strips —— R.A each day-length. ‘The logarithm of the reciprocal of the stomatal re- 
were taken (one per leaf), and ten 2 sistance in arbitrary units is used as a measure of ‘stomatal aperture’ 
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experiments to the opposite day-lengths indicate a 
fairly rapid adaptation in behaviour to the new day- 
length treatment. Similar behaviour has been found 
in Kalanche blossfeldiana. 

Since the leaves are known to be the seat of day- 
length perception, such differences in stomatal 
behaviour may be of importance in any explanation 
of photoperiodic phenomena. ‘Thus, differences in 
stomatal aperture in the dark may well lead to 
appreciable differences in internal carbon dioxide 
concentration which in turn may have effects on 
respiration and also dark fixation of carbon dioxide. 
Also transpiration in the dark is likely to be different 
between plants receiving different day-length treat- 
ment, and therefore turgor differences affecting leat 
movement, etc., may result. 

W. W. ScuHwaBE 

Research Institute of Plant Physiology, 

Imperial College of Science and Technology, 

London, S8.W.7. 

May l. 

+ Binning, E., Z. Naturf., 3, 457 (1948). 
* Heimann, M., Planta, 30, 157 (1950). 
* Harder, R., Nach. Akad. Wiss. Math.-Phys. Kl., 1 (1949). 
* Ehrenberg, M., Planta, 38, 244 (1950). 
5 Loftfield, J. V. G., Publ. Carneg. Inst., 314, 1 (1921). 
* Gregory, F. G., and Pearse, H. L., Proc. Roy. Soc., B, 114, 477 (1934). 


Co-existence of Positive and Negative 
Heterosis in a Single Plant Organ 


In the course of a comparative study of leaf-shape 
in certain F’, hybrids and their parents, the flowering 
currants Ribes sanguineum Pursh, R. odoratum Wendl. 
and their hybrid R. x gordonianum Lem. were 
investigated. Mean leaf-shapes were derived by 
methods published earlier!?, polar co-ordinates being 
used for the Ribes leaves. The mean leaf outlines 
shown in the accompanying illustration are plotted 
on a uniform scale for convenience of comparison. 
The actual mean lengths from the origin O to the 
apex P are: R. sanguineum 4-3 cm., R. x gordon- 
tanum 3-9 cm., R. odoratum 2-8 cm. 

Comparison of the drawings revealed that the 
hybrid leaves are relatively narrower from tip to tip 
of the main basal lobes, L,, D,, than either parent. 
The lengths of the lobes from the origin, OL,, OL,, 
are also less than in either parent. At the same time, 
the breadths of the small sub-terminal lobes, M,, M,, 
measured transversely to their nerves, are greater 
than in either parent. The measured leaves were 
taken from corresponding positions on all three plants 
and represent the same growth phase. Scrutiny of 
the individual leaves confirmed the fact that the 
observed effects are not due to averaging chance 
variations. It appears that in these leaves conditions 
of negative and positive heterosis co-exist, a cir- 
cumstance that does not seem to be explicable on 
current theories of heterosis. 

Leaf-shape in R. x gordonianum appears to depend 
upon an interaction between dominant or sub- 
dominant genes contributed by both parent species. 
Control of growth in length is contributed by &. 
odoratum, on the evidence of length of the main 
terminal lobe M, P M,, the depths of the sinuses 
separating it from the large basal lobes L,, L., and 
the place of origin on the midrib of the nerves serving 
the Jateral lobes M, and M,. The general shape of 
the lobes, especially of the large basal lobes, suggests 
that R. sanguineum contributes factors controlling 
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Mean leaf-shapes, plotted from polar co-ordinates, of Rives 
sanguineum (left), R. x — (centre) and R. odoratum 
(right) 


growth in breadth. Absolute size is probably the 
resultant of a number of factors in which R. sanguin- 
eum has a subdominant effect. Assuming that length 
and breadth are controlled in the manner suggested, 
a hybrid leaf should always be relatively narrower 


than those of either parent, since the leaves of 


R. odoratum are relatively broader across the basal 
lobes than those of R. sanguineum. The hybrid leaves 
are slightly smaller than in R. sanguinewm and hence 
should be appreciably narrower than in that species 
and considerably narrower than R. odoratum. This 
is the condition observed. 

In the two parent species, the subterminal lobes 
M, and M, are of the same relative breadth measured 
transversely to their nerves. The terminal and sub- 
terminal lobes together attain the same relative 
breadth in the hybrid as in the broader parent, 
R. sanguineum. The hybrid, in growing to a greater 
overall breadth in this region of the leaf than in the 
narrower parent, R. odoratum, should attain a greater 
transverse breadth in the subterminal lobes than in 
the latter species. Hence also the breadth of these 
lobes should be relatively greater than in 2&. 
sanguineum. This is the condition observed. 

One proposition, therefore, suffices to explain both 
the positive and the negative heterosis. It should 
be pointed out, however, that the actual breadths 
of the subterminal lobes of the hybrid are consider- 
ably greater than in R. odoratum, on account of the 
greater absolute size of the leaf. Compared with 
R. sanguineum, they are of about the same actual 
size; but slight additional growth of the hybrid 
leaves, to increase their length up to that of R. 
sanguineum, would result in a greater absolute breadth 
of the subterminal lobes. 

Other evidence indicates that growth in these 


leaves is allometric, at least in the final phases of 


growth that depend mainly on cell expansion. When 
length and breadth are differentially controlled, 
differences in linear dimensions will be logarithmic- 
ally enhanced by further growth of an organ in com- 
parison with the dimensions of one of the parents. 
If overall size is controlled in the hybrid mainly 
by the larger parent, a condition of positive heterosis 
is readily attained. If, on the other hand, size con- 
trol is inherited from the smaller parent, negative 
heterosis may occur, or the hybrid may attain a 
size intermediate between that of the parents. In 
either set of circumstances, the actual size attained 
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No. 4312 
Fev? SIZE IN HYBRID TOMATOES EXHIBITING POSITIVE HETEROSIS 
oN YIELD. (Data from Powers*) 
Hybrid or | Size (gm.) Log. size Yield (gm.) 
inbred line 
4109 12+ 0-50 10792 ae 1,364 + + 151 
Fi 16+ 0-68 1-2041 2,876 + 177 | 
4110 | 17+ 0-58 1-2304 1,868 + 149 | 
4101 | 119+ 6°49 2-0755 | 513 + 39 
Fi | 89+ 3:66 | 1-9494 | 1,827 + 196 
4103 | 554 2-74 | 1:7404 =| ‘1,066 + 159 
4102 | 138 + 12°81 | 21399 | 607 + 86 | 
Fi 55+ 293 | 1-7404 | 2,428 4 150 | 
4110 17+ 0-58 | 1-2304 | 1,868 + 149 


will depend upon the stage reached in the allometric 
growth series. 

This theory of heterosis may throw some light on 
the general problem of hybrid vigour. Unfortunately, 
few of the published data are presented in a form that 
can be tested on this basis. Powers’, working on 
inbred lines of tomatoes and their F, hybrids, 
distinguished three classes of positive heterosis on 
yield, 


fruits per plant and the weight of the individual 
fruits. No comment is possible on the number of 
fruits per plant, which is a complex character de- 


pending upon, at least, 
inflorescence and the spacing or frequency of in- 
florescences along the stem. In one of his classes fruit 
size is subdominant ; in the other two it is inter- 
inediate and the logarithms of fruit weight in the 
hybrids (see accompanying table) approximate very 
closely to the arithmetic means of those of the parents. 
Such a result would be expected if growth of the 
fruits was allometric and the factors controlling size 
in the hybrid were the mean of those of the parents. 
Powers’s data, so far as they have been examined, 
are therefore consistent with the theory here ad- 
vanced. Other workers may care to follow up this 
line of thought which has resulted as an offshoot 
from a taxonomic study, the details of which will 
be published elsewhere. 
RONALD MELVILLE 
Royal Botanic Gardens, 
Kew. 
May 17. 


' Melville, R., Ann. Bot., N.S., 1, 673 (1937). 
Melville, t., Proce. Linn. Soe. Lond., 162, 158 (1951). 
Amer. Nat., 78, 277 (1944). 


A Convenient Method for Preparing Massive 
Suspensions of Virtually Bacteria-free Ciliate 
Protozoa of the Genera Isotricha and 
Dasytricha for Manometric Studies 


THE extensive biochemical investigations recently 
carried out with pure cultures of the free-living, 
aerobic ciliate Tetrahymena geleii (see Kidder’ for 
summary) raise the question whether similar studies 
are possible with the obligatory anaerobic ciliates of 
the sheep’s rumen. So far we have not been able to 
induce these Protozoa consistently to multiply in 
vitro, although some success has attended our efforts 
at keeping them alive for long periods in the presence 
of rumen bacteria*. One of us, however, observed? 
that the holotrich ciliates in sheep’s rumen liquor, if 
allowed to attack glucose, rapidly became so dense 
through polysaccharide storage that they formed a 
separate white layer at the bottom of the vessel. 
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This suggested to us that the action of a suitable 
antibiotic on well-washed holotrichs so isolated might 
rapidly free them from the relatively few remaining 
bacteria and thus leave an active protozoan culture, 
virtually bacteria-free, and suitable, for example, for 
manometric studies. Furthermore, since Masson and 
Oxford‘ have shown that a suitably fistulated sheep, 
fed exclusively on starch-free meadow hay, would 
yield some 3 gm. (dry weight) of holotrichs per week 
over @ long period of time, it is clear that ample 
supplies of active anaerobic ciliate Protozoa for 
biochemical work would be assured if a suitable anti- 
bacterial substance could be found. Streptomycin, 
which has proved to be non-toxic to the sheep holo- 
trichs, seems to be eminently suitable for the purpose 
in view, and in our experience a virtually bacteria- 
free suspension containing only Isotricha prostoma, 
Isotricha intestinalis and Dasytricha ruminantium: can 
be prepared by carrying out the following series 
of simple operations. 

The Protozoa are first isolated by the method of 
Masson and Oxford‘, which involves glucose fer- 
mentation by strained rumen liquor. It is convenient 
to carry out the fermentation in-a tapering separating 
funnel with a very short stem. The white bottom 
layer is run into sterile acetate-phosphate buffer 
(without bicarbonate) at pH 7-2 in 50-ml. boiling 
tubes. On standing at 40°, the Protozoa settle 
to the bottom and are washed several times by 
decantation, always with the same buffer at 40°. 
To the final suspension, streptomycin (Glaxo, Ltd.) 
is added to produce a final concentration of 0-8 
m.mol. The suspension is incubated 20-24 hr., 
during which time the few oligotrich ciliates, which 
may be admixed with the bulk of the holotrichs, die. 
The buffer and streptomycin are then replaced, and 
a further 24-hr. incubation in presence of 0-8 m.mol. 
streptomycin is carried out. Experiments in which 
loopfuls of a thick suspension of young cultures of 
both the Gram-negative Esch. coli and a Gram- 
positive starch-fermenting streptococcus were added 
just before the first dose of streptomycin, have shown 
that the above procedure does, in fact, kill these 
bacteria in 24-48 hr., although protozoan activity 
remains unimpaired (see table). 

Experiments in which washed suspensions of 
Protozoa respired or metabolized glucose in the 
presence and absence of 0-8 m.mol. streptomycin in 
bicarbonate-saline buffer’ have failed to show any 
appreciable alteration in the rate of acid production 
due to the addition of the antibiotic. It is concluded 
that at this relatively high concentration strepto- 
mycin has little or no action on the Protozoa. 

We have used such virtually bacteria-free suspen- 
sions of holotrich ciliates, which, having remained 
EFFECT OF TREATING PROTOZOAN SUSPENSIONS, CONTAINING ADDED 

RACTERIA, WITH STREPTOMYCIN 


| 

| 

Growth after incubation 
for 





Bacterium Conc. of | | 
added streptomycin | - —| 
(m.mol.) 24 hr. 48 hr. 
0-1 + +4 + | 
Esch. coli* 0-2 | + 0 
N.C.T.C. No. 86 0-4 0 | 
OR 0 | 
0-1 +++ ++ | 
| Streptococcus* sp. 0-2 + + + 
(starch-ferment- 0-4 + 0 
ing) 06 0 0 | 
0-8 0 0 


* Esch. coli was detected by plating on McConkey agar; 
streptococcus on yeast-starch-agar. 
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Acid production from various substrates by bacteria-free prepara- 
tions of sheep rumen holotrich ciliates. The centre well of 
manometers contained 2 ml. of protozoal suspension in bicar- 
bonate saline ; the side arms contained 0-5 ml., 0-01 M substrate. 
Gas 95 per cent nitrogen, 5 per cent carbon dioxide. Temperature 
40°. Anaerobiosis was obtained by placing a stick of scraped 
yellow phosphorus in the centre cup. The values are calculated 
/0-1 mgm. cell nitrogen/ manometer. 
D-glucose ; D-cellobiose ; +—-+4 
x—x, lactose: A—A, no substrate 


maltose ; 


oo, 


alive, but not feeding, for two or more days, are 
depleted in their storage polysaccharides, to show 
that acid production is an invariable concomitant 
of ‘starch’ storage when a suitable soluble sugar is 
presented. The graph summarizes a 2-hr. experiment 
carried out anaerobically by the conventional War- 
burg technique with comparable suspensions of the 
Protozoa in bicarbonate saline. It will be noted that 
gas evolution occurs, over and above the no-substrate 
control, only with glucose and cellobiose, and not with 
maltose or lactose. These results are in harmony 
with those of Masson and Oxford‘, who found that 
glucose and cellobiose were among the very few soluble 
sugars the addition of which led to starch storage 
in holotrichs in mixed-culture fermentations. Very 
similar results were obtained by yet another method 
by Sugden and Oxford*, who determined which 
soluble sugars would serve to prolong the life of the 
holotrichs in vitro. The anomalous behaviour of 
galactose, which appeared to extend the life of all 
three species of holotrichs, but in another experiment 
was not attacked with acid production by the virtu- 
ally bacteria-free Protozoa in the Warburg apparatus, 
is being further studied. 

These and other manometric studies with rumen 
anaerobic ciliates will be reported in more detail 
elsewhere. 

We are grateful to Miss Margaret J. D. MacPherson 
for the pure culture of the starch-splitting strepto- 
coccus, which she had also isolated from the sheep's 
rumen. 

P. J. HEALD 
A. E. OxForpD 
BRENDA SUGDEN 
Rowett Research Institute, 
Bucksburn, 
Aberdeenshire. 
Jan. 10. 


’ Kidder, G. W., Ann. Rev. Microbiol., 5, 139 (1951). 

? Sugden, B., and Oxford, A. E., J. Gen. Microbiol., 6, ii (1952). 

* Oxford, A. E., J. Gen. Microbiol., 5, 83 (1951). 

* Masson, F. M., and Oxford, A. E., J. Gen. Microbiol., 5, 664 (1951). 
5 Krebs, H. A., and Henseleit, K., Hoppe-Seyl. Z., 210, 33 (1932). 
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Spores and Tracheids from the Cambrian 
of Kashmir 


VOL. 169 


Since the recovery of vascular flora in the Salt 
Pseudomorph bed (Cambrian) of the Punjab Salt 
Range', we have continued our investigations with 
other Cambrian beds in the Salt Range, Kashinir, 
and Spiti. 

In the Punjab Salt Range we have examined 
specimens from the Purple Sandstone, Neobolus 
Shales, Magnesian Sandstone and Salt Pseudomorph 
beds generally overlying the Saline Series**. We 
have also extended our work to the Vindhyans 
(Cambrian or infra-Cambrian) and examined samples 
of Olive shales‘ and Kajrahat limestones of the Sermri 
Series. All these specimens have yielded remnants 
of a vascular flora. 





Fig. 4, 


Figs. 1-3, x 450; 1,000 
With the view of finding out whether the occurrence 
of such vascular microflora in the Cambrian and pre- 
Cambrian times was a widespread phenomenon or 
restricted to the Cambrians of the Salt Range only, 
we® obtained from the Geological Survey of India 
and examined the specimen Registered No. K 32/248 
(compact, olive-green phyllitic shale containing 
Tonkinella and other trilobites’ and Obolus-like 
brachiopods) of the Middle to Upper Cambrian 
horizon in the locality of Rainwar, Hundwara Tahsil, 
Kashmir, collected by D. N. Wadia in 1934. 

For micro-examination the usual process of macera- 
tion with Schultze solution was followed and every 
possible precaution against laboratory contamination 
adopted. About thirty slides were prepared from 
different macerations, and each of these contained 
abundant carbonized wood elements and spores. The 
following is a descriptive list of some of these. 

1. Wood elements: (a) Tracheid with 2-seriate 
contiguous alternate bordered pits Illy x 8u; 
orifice elliptical, 6 <x 5y; torus is visible (Fig. 1). 
(6) Traeheid with irregularly distributed separate 
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round-oval bordered pits 5:5 in dimension ; orifice 
round, 3-5p in diameter (Fig. 2). 

2, Spores; (c) Psilate, oval spore of unknown 
affinity; body folded; 39-64 x 33u, wall Iu 
thick (Fig. 3). (d) Winged spore, golden-yellow, 
oval, 102y x 77y; frill continuous (Fig. 4). 

The occurrence of such advanced vascular plants, 
with bordered pitted tracheids (possibly gymno- 
spermous) and spores, has also been recorded in the 
Punjab Salt Range’ * and in the Vindhyans (Cambrian 
or infra-Cambrian)**, These data obtained in India as 
well as those recorded in Swedish ‘Kolm’ and the 
U.S.S.R. all taken together tend to suggest an earlier 
phylogeny of vascular plants, going back to the 
Cambrian period and not the Silurian-Devonian 
period as is generally supposed. 


No. 4312 


A. K. GHOSH 
A. BoskE 
Bose Institute, Calcutta. 
Feb. 17. 
Ghosh, A. K., and Bose, A., Nature, 160, 796 (1947). 
Ghosh, A. K., and Bose, A., Trans. Bose Rea, Inst., 18, 71 (1950). 
Ghosh, A. K., Sen, J., and Bose, A., Geol. Mag., 88, 129 (1950). 
‘Ghosh, A. K., and Bose, A., Sei. and Cul., 15, 330 (1950). 
Ghosh, A. K., and Bose, A., Proc, 38th Ind. Sci. Cong., Pt. III 
(Abstracts), 127 (1951). 
© West, W. D., General Report of the Geological Survey of India, 
1949: Ree. Geo. Surv. Ind., 82, pt. 1, 202 (1949). 
Darrah, W. C., Science, 86, 154 (1937). 


Crystal Structure of the Intermetallic 
Compound Mg,,.(Al,Zn),, and Related 
Phases 


PHASE-DIAGRAM studies of the magnesium-alum- 
inium-zine system have established the existence of a 
compound with approximate composition Mg,Al,Zn,. 
Laves, Léhberg and Witte' reported this compound 
to have a body-centred cubie structure with dy - 
14-16 A., and with the calculated number of atoms 
per unit cube equal to 161. They reported also that 
the phase in the magnesium-aluminium-copper 
system with approximate composition Mg,Al,Cu 
gives a closely similar X-ray diagram. They were not 
able to determine the structure. 

We have now made a complete structure determ- 
ination by the stochastic method, and have verified 
the structure with X-ray data obtained from single 
crystals of the magnesium aluminium-~zine alloy. 

In the formulation of a structure for test by com- 
parison with the X-ray data, it was assumed that 
each atom has 12-16 ligates at distances indicated 
by the system of metallic radii, and that the atoms 
are arranged in concentric polyhedral shells about 
the lattice points 000 and 344, in such a way that 
the atoms of each shell are located radially with 
respect to the centres of the polyhedral faces of the 
next inner shell. With a central atom surrounded 
by an icosahedron of twelve atoms, the second shell 
would be, according to this principle, a pentagonal 
dodecahedron of twenty atoms, and the third shell 
an icosahedron, which with the dodecahedron pro- 
duces a rhombic triacontahedron. The fourth shell 
consists of sixty atoms, directly above the triangular 
(half-rhomb) faces of the triacontahedron ; these atoms 
are at the corners of a truncated icosahedron, which 
has twenty hexagonal faces and twelve: pentagonal 
faces. Twelve additional atoms are then added, out- 
wards from the centres of twelve of the hexagonal 
faces, in such a way as to produce twelve rhombic 
faces, perpendicular to the axes of the cubic crystal. 
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These complexes of 117 atoms, arranged about the 
lattice points of a body-centred lattice, share the 72 
outermost atoms with neighbouring complexes in 
such a way as to reduce the number of atoms per 
lattice point to 81, and the number per unit cube to 
162. The twelve rhombic faces are shared with 
neighbouring complexes along the cube edges, and 
eight hexagonal faces are shared with eight neigh- 
bouring complexes along the body diagonals. 

X-ray data from single crystals isolated from 
magnesium—aluminium—zine melt were found to show 
Laue symmetry 7',. Possible space groups are 7';5, 7, 
and 7, the first corresponding to the predicted 
structure. Rough agreement between the observed 
and calculated intensities of reflexion was obtained, 
the calculated intensities being for approximate 
atomic positions, not yet corrected for the difference 
in radii of magnesium, aluminium and zine. Fourier 
projections were used to refine the parameters, and 
to indicate the zinc atoms, as distinguished by their 
greater reflecting power, from atoms of magnesium 
and aluminium. A least-squares refinement of the 
parameters was then carried out, with inclusion in 
addition to the position parameters of composition 
parameters, representing the extent to which zinc 
and aluminium atoms are distributed over the atomic 
positions not occupied by magnesium atoms. Only 
reflexions hkO were used in the refinement. With 
the notation of the International Tables for the 
Determination of Crystal Structures* for space group 








T,*®, the structure may be described as in the 
accompanying table. 
ae { : | 
| No. of | Posi- | Lig- | 
atoms | tion | z y z Kind ancy | 
2 (a) | 0 0 0 , ae “12 | 
|} 24 (9g) 0 | 0-097 | 0-157 | 83% Zn, 17% Al 12 | 
| 24 (g) | 0 | 0-195 | 0-310 | 44% Zn, 56% Al 2 1 
|; 48 (h) 0-160 | 0-190 0-400 48% Zn, 52% Al 12 | 
16 (f) | 0-185 | 0-185 | 0-185 | Mg 16 | 
24 (g) | 0-115 0 0-300 | Mg 16 | 
12 (e) | 0 0-105 Mg 14 
12 (e) | 0-185 | 0 { Mg 15 


It is seen that each aluminium or zinc atom has 
ligancy 12, and each magnesium atom ligancy 14, 
15 or 16. The bond distances are approximately 
(Al,Zn) — (Al,Zn) = 2-7 A., (Al,Zn) — Mg = 3-0A., 
and Mg — Mg = 3:1 A. 

The structure differentiates clearly between the 
larger atoms, of magnesium, and the smaller atoms, 
of aluminium and zinc, and indicates Mg;,(Al,Zn),, 
for the ideal formula. The ternary phase is observed 
to vary considerably in composition, retaining, how- 
ever, approximately the same atomic percentage of 
magnesium, about 38 per cent. The calculated value 
for the above formula is 39-5 per cent. 

As a compound of the composition Mg,Al,Cu con- 
tains 36-4 atomic per cent magnesium, and further- 
more the X-ray diffraction patterns obtained with 
this compound are very similar to those obtained 
with the phase just described, it appears very likely 
that the magnesium atoms occupy the same positions 
in the two phases. 

Preliminary work on the «-phase in the aluminium— 
manganese- silicon system** that we have carried 
out has shown that the structure of this phase is 
closely related to that described above. It seems 
likely that the number of atoms in the unit cube is 
only 138, and that the structure is based on the 
simple cubic lattice. Phragmén* reported the 
approximate composition Al,)Mn,Si for this phase. 
The value of ay is 12-62 A. A similar phase Al,,Fe,Si, 
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with @,) = 12-52 A. was also reported by Phragmén, 
and solid solutions between it and the manganese 
compound have been investigated by Phragmén and 
by Pratt and Raynor. 
The work on these phases is being continued and 
a detailed report will be published later. 
GUNNAR BERGMAN 
Joun L. T. WauGH 
Linus, PAULING 
Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena 4, California. 
April 21. 
ty Lohberg, K., and Witte, H., 


1 Laves, Metallwirtschaft, 14, 793 
(1935, 


“International Tables for the Determination of Crystal Structures" 
(Gebriider Borntraeger, Berlin, 1935). 


* Phragmén, G., J. Inst. Met., 77, 489 (1950). 
‘ Pratt, J. N., and Raynor, G. V., Proc. Roy. Soc., A, 205, 103 (1951). 


invariant Characteristics of X-Ray Fourier 
Syntheses 


It has been suggested by Bernal! that the presence 
of certain variations in the intensity of the X-ray 
reflexions from protein crystals imposes upon the 
Fourier density map, which results from their com- 
bination, certain features which are to some extent 
independent of the particular set of phases which are 
associated with these amplitudes. In this note it is 
proposed to show how a certain ‘average’ picture can 
be obtained, and that it is derivable from a well- 
known form of synthesis. 

First consider the case of a structure containing 
a centre of symmetry; the electron density pz, is 
given, in terms of the structure factors F;, by the 
well-known expression®, 

cin oS ee 

3 
The suffix s indicates that a particular set of phases, 
8, has been chosen. 

Next let an average be taken over all possible 
combinations of sign : 


. hie 1 F(000) 
5 = — 2, i Ew, coe <>", 
rie oR: Ss 

No useful information emerges from this, because to 

every group of signs there exists an exact negative. 

Suppose, however, that 6* is considered. Here : 


* Biers Ly a : 
6* = x = ——_. J LF* cog? 6 +- 
; us si Vs 3-3 q 
FF, cos 65 cos 6; 
re: : x F? cos? 6 e 
3 


ae 1 = "2 oe ) +. 2 
ap =F cos 20 + F?, 
so that the average features are given, apart from 
an additive constant, by the ordinary Patterson 
synthesis on twice the normal scale. It is to be noted 
that in this interpretation of the Patterson synthesis, 
maxima may in fact correspond to minima in real 
space. 

Secondly, consider the case in which no centre of 
symmetry is present. Here, with an obvious change 


in notation : 
a = 


; . |F'| cos (6 — a) 
e — F(000)/V 
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and 
0? = rag 22 | F’|* cos? (8—a) + 
|F, || F.| cos (6,—«,) cos (0, 3) 
vee =e |F'|? cos* (8 —«) 
a7 Sq 2 E IPit cos (20 — 2x) + [FI 


x |F\?/2V, 
since the average value of cos (20— 2a) is zero. So 
that, as might be expected on intuitive grounds, 
there are no ‘average’ features other than a uniform 
plateau. 

ANDREW D. Booru 
Birkbeck College Electronic Computer Project, 
21 Torrington Square, 
London, W.C.1. 
May 9. 


Nature (167, 1007 (1952) }. 
“Fourier Technique’ (Camb. Univ. 


' Bernal, J. D., 


* Booth, A. D., Press, | 4s) 


Infra-red Spectra of Acetylproline 
N-Methylamide and the Configuration 
of a Proline Residue in a Polypeptide 

Chain 

WE have recently determined by infra-red and 
dielectric measurements the molecular configuration 
of acetylproline N-methylamide, from which we can 
conclude the configuration of a proline residue con 
tained in a polypeptide chain. 

In a dilute carbon tetrachloride solution (0-00! 
mol./l.) this substance showed only one absorption 
peak at 3,350 cm.-! in the 3-1 region which can be 
assigned to the hydrogen-bonded NH vibration. The 
frequency of the absorption peak remained the same 
when we changed the concentration from 0-0001 to 
0-1 mol./l., and the temperature from 30° to 60° C. 

This result is quite different from what we obtained 
for such a substance as acetylglycine N-methylamide ; 
this showed two absorption peaks at 3,440 and 3,350 
cm.-' which were assigned to the free and hydrogen- 
bonded NH vibrations, respectively, the intensity 
ratio of these two bands changing considerably with 
temperature’*. Therefore we can conclude that 
practically all the molecules of this substance take 
the folded configuration as shown in the accompany- 
ing formula, in contrast to the case of acetylglycine 
N-methylamide, etc., the molecules of which take 
both the folded and the extended configurations. 
This conclusion is compatible with the fact that 
acetylproline N-methylamide is much more soluble 
in carbon tetrachloride than acetylglycine N-methyl- 
amide or acetylalanine N-methylamide, since in the 
folded configuration all the hydrogen bonds are intra- 
molecular*. From this result we consider that the 
proline residue takes only the folded configuration in 
a polypeptide chain, although many other kinds 
of residues can take both the extended and folded 
configurations. 
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We have also measured the infra-red absorption 
of acetylproline N-methylamide in carbon tetra- 
chloride in the 6-4 region, and have found two 
absorption peaks, of which one at 1,635 cm.-! is 
assigned to the stretching vibration of the C=O 
group involved in the hydrogen bond and the other 
1,690 cm.-! to that in the free state. 

The dipole moment value (3:3.D.) obtained by 
us for this substance in carbon tetrachloride solution 
is in agreement with the theoretical value calculated 
for the folded structure of this molecule. 

We are indebted to Mr. T. Tamura and the Yuki- 
(josei Co. for the pure sample of L-proline from which 
we prepared acetylproline N-methylmide. 

Tapao Sueira 
IcHIRO NAKAGAWA 
Kazvo Kurosaki 


No. 4312 


at 


SAN-ICHIRO MIZUSHIMA 
TTAKEHIKO SHIMANOUCHI 
KENJI KURATANI 
MASAMICHI TSUBOI 


(‘hemical Laboratory, 
Faculty of Science, 
Tokyo University, 
Hongo, Tokyo. 
Feb. 27. 

‘ Mizushima, S., Shimanouchi, T., Tsuboi, M., Sugita, T., Kato, E.., 

and Kondo, E., J. Amer. Chem. Soc., 78, 1330 (1951). 
Mizushima, S., Shimanouchi, T., Tsuboi, M., and Souda, R., J. Amer. 

Chem. Soc., 74, 270 (1952). 
See Bamford, C. H., Hanby, W. E., 

829 (1950). 


and Happey, F., Nature, 166, 


Atmospheric Pressure and Geomagnetic 
Disturbance 

In seeking for possible relationships between 
geomagnetism and atmospheric pressure, J. M. Stagg! 
compared the mean diurnal pressure variation at 
Aberdeen on magnetically quiet days with that on 
magnetically disturbed days (five of each type per 
month) over the seven years 1922-28. Ps results— 
shown by the individual seasons and b:; he year as 
a whole— indicated a marked reduction of the fore- 
noon pressure maximum and enhancement of the 
evening Maximum on disturbed days as compared 
with quiet days, in the years of low sunspot number 
(1922-24): the change of type was absent, or even 
partly reversed, in the years of higher sunspot 
number (1925-28). 

Although it has been pointed out by Chapman and 
3artels? that the effect found by Stagg does not 
satisfy stringent statistical tests for reality, it is 
nevertheless still widely quoted as real by authors 
writing on geophysical inter-relationships. For this 
reason, and also for the significance such an effect, if 
proved real, would have on the theory of the diurnal 
oscillation of atmospheric pressure, the subject is 
re-examined here. A test such as that referred to by 
Chapman and Bartels shows that the effect may not 
be real, but does not entirely disprove its reality. 

A selection of magnetically quiet and disturbed 
days during years of low sunspot number was made 
as follows. The selected years were those of sunspot 
minimum number and one year on either side, and 
included 1900-2, 1922-24, 1932-34, 1943-45. The 
disturbed days selected were those of international 
character figures equal to or greater than 1:3 (a 
restriction which excluded all five of the international 
disturbed days in many months of low sunspot 
number); and an equal number of quiet days of 
character figure equal to or less than 0-1 was selected. 
The choice of the days was limited by two further 
conditions : (a) none of the selected days should be 
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nearer than five days apart (to exclude any effect of 
day-to-day coherence of pressure-variation type) ; 
and (6) no selected day should have a daily range of 
pressure at Aberdeen of 10 mb. or more. This latter 
condition was made in order that the ‘random’ 
barometric fluctuations should be the more readily 
eliminated. These restrictions greatly reduced the 
number of days available for comparison, no more 
than 110 of each type being available from the twelve 
years examined, compared with 180 days of each 
type from three years used by Stagg. 

Mean diurnal pressure inequalities at Aberdeen, 
corrected for non-cyclic change, were computed for 
the two types of day, and the results are shown in 
Fig. 1. The curves are markedly similar, and the 
disturbed-day curve fails conspicuously to show a 
reduced forenoon and enhanced evening maximum, 
as compared with the quiet-day curve. ‘The morning 
and evening maximum values of the mean in- 
equalities derived from all (4,383) days of the twelve 
years are shown in Fig. | for comparison, and it can 
be seen that the departures from these mean values 
are in the same sense on the two contrasting types 
of selected days. 

A table containing coefficients of the first four 
harmonics of the diurnal inequality of atmospheric 
pressure at Aberdeen has been included in the 
Observatories’ Year Book of the Meteorological 
Office, Air Ministry, for 1926-38, and the table is 
available in manuscript form for subsequent years 
up to 1947. The only harmonics that play an effective 
part in controlling the type of diurnal pressure 
variation at Aberdeen are the first and second, the 
latter having a mean amplitude of about twice that of 
the former. Examination of the tables of annual 
coefficients shows that the variability of both phase 
and amplitude of the first harmonic component is 
many times greater than that of the second. A 
relatively low phase angle of the first component has 
the effect of retarding the mean _ early-evening 
maximum of this component and causing it to 
coincide more nearly with the time of late evening 
maximum (which changes little) of the second com- 
ponent. Such a retarded first component, therefore, 
especially if it has a relatively large amplitude, raises 
the evening maximum above normal, and has a 
complementary effect of depressing the morning 
maximum below normal. Conversely, a relatively 
high phase angle and low amplitude of the first 
component are associated with an enhanced morning 
and depressed evening maximum. Such variable 
features of the mean annual values of the coefficients 
of the first harmonic component of pressure variation 
at Aberdeen are common, but no significant relation- 
ship was found over the period 1926-47 between 
these features and the corresponding annual measure 
of magnetic activity. Fig. 2 shows the mean diurnal 


Ct . 
b. x ¢ 














qd) (2) 
Mean diurnal pressure variation at Aberdeen : (1) on 110 selected 
magnetically disturbed (——) and quiet (----- ) days; (2) in 
1942 ( ) and in 1934 (+++ ). Mean long-period values of fore- 
noon and evening maxima denoted by O 
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variation of pressure at Aberdeen over each of two 
years of low sunspot number, 1934 (of mean magnetic 
character figure 0-56), and 1942 (mean character 
figure 0-65). Here the curve for the year of higher 
mean magnetic activity shows a marked enhancement 
of the forenoon maximum and reduced development 
of the evening maximum as compared with the year 
of low magnetic activity— a result opposite to that 
found by Stagg for selected quiet and disturbed days. 
Other similar examples are to be found in the twenty- 
two years examined, and also still others in which 
the changes of type of diurnal pressure variation with 
magnetic activity are in the opposite sense to that 
of tig. 2. The truth appears to be that a sample of 
even 365 days is too small to remove, from the form 
of the diurnal pressure variations, features that must 
be considered purely random from the point of view 
of magnetic activity. This result agrees with that 
obtained from the independent test described in the 
preceding paragraph. 
R. P. Watpo Lewis 
D. H. McIntTosxH 
Meteorological Office, 
Edinburgh. 
Jan. 16. 
’ Stage, J. M., Nature, 127, 402 (1931). 
? Chapman, 5., and Bartels, J., “Geomagnetism"’, 1, 204 (1940). 


Measurements of Amplitudes of Micro- 
Oscillations using a Microscope Light-Cut 
Technique 


It has recently been shown by Tolansky' how the 
Schmaltz light-cut technique can be modified and 
developed such that magnification of x 2,000 with 
resolutions of 0-25» is obtainable. We have applied 
one of these modified methods to the measurement 
of the amplitudes of vibration of a 20-cm. Monel rod 
excited by the familiar magneto-striction methods. 
Tolansky and Bardsley*® have already shown how the 
small amplitudes of vibration usually met with in 
quartz vibrators (ranges of the order of 50-5000 A.) 
can be measured interferometrically, but this is a 
relatively elaborate technique. ‘ihe amplitudes which 
can safely be developed in a magneto-striction vibra- 
tor can well exceed several microns, and for measure- 
ments of such amplitudes, interferometry is neither 
necessary nor desirable in view of the simplicity of 
the high-resolution light-cut method already reported 
on by one of us. 

The accompanying illustrations indicate the value 
of the method. The end of the vibrating rod is 
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polished reasonably smooth (or can have cemented 
on to it a piece of a cover slip). When viewed with 
light-cut illumination with a broad slit and a 4-mm, 
microscope objective, the straight line image (.) js 
observed. The roughness of polish can be seen. On 
setting the rod into vibration, the light-cut profile 
becomes the widened rectangular pattern shown at 
(b). With the particular lens systems in use for this 
profile, magnification in depth is x 350. Hence 
from the width of (6) (which on the original plate js 
2-8 mm.) it follows that the amplitude of vibration 
normal to the surface in this specific instance js 
10 microns. (The central region is of lower intensity, 
but this is not easily visible on the photograph. 


By traversing the specimens across the field of 


view, the distribution of oscillation is measurable. 
If damping is undesirable, then oil immersion is 
avoided, which restricts useful magnification to 
the order of 1,000. Even so, this magnification 
in extension is greater than the magnification in 
extension across the surface that can usefully be 
employed with multiple-beam interferometry. ‘lhe 
light-cut can give useful magnification both in depth 
and in extension simultaneously of some x 2,000 and 
has the merit of simplicity. Hence for vibrations of 
amplitude exceeding one micron it offers decided 
advantages. 
S. TOLANSK) 
H. RAHBFK 
Royal Holloway College 
(University of London), 
Englefield Green, Surrey. 
March 10. 
?Tolansky, 8., Nature [169, 455 (1952)]; 
Society on September 20, 1951. 
* Proc. Phys. Soc., 62B, 224 (1951). 
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Light Emission from Polonium 


THE visible spectrum of light emitted from a 

sample of polonium has been photographed using the 
night-sky spectrograph designed by McLennan and 
Ireton'. The activity of the sample was about 4 m(C., 
and it was deposited on a platinum sheet, 3 mm. 
3 mm. This shape was chosen for another purpose 
and is not very suitable for a spectral investigation. 
The night-sky spectrograph contains a glass prism 
and, therefore, its application is restricted to the 
visible range. The aperture is f/1. The slit-width used 
in this investigation was 0-4 mm. The polonium 
sample was put in two positions with respect to the 
slit of the spectroscope : (1) the surface of the sample 
was in the plane of the slit parallel to the collimator 
axis so that light emitted from the surface could 
enter the slit ; (2) the surface was about 1 mm. below 
the slit, so that only light emitted from the volume 
of ionized gas (air) above the surface could enter 
the slit. 

The exposure time was always about one week in 
a room carefully darkened. An exposure without 
the sample gave no effect on the photographic plate. 
The plate type used was Gevaert Panchromosa. 

In position (1), some lines, mostly weak, were 
detected on the plate, superposed on a background 
of continuous bands showing a varying intensity. 
The wave-lengths of the lines are collected in Table 1, 
with also an estimate of the intensities and the 
probable interpretation according to H. Kayser’s 
tables’. 
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Table 1 
Wave-lengths A.* | | 
of the Po sample | Intensity Interpretation | 

3825 Weak | O11 (3830, 3822); O (3825, 
3824) 

3850 ” O 11 (3851, 3848): O IT (3857, 
3856, 3843) ; NG 3857) 

3945 | Medium 0 o (3045); OI (3948, 3947) ; 

4080 Weak | NW (4026, 4035) 

4065 a O ITI (4070, 4072); L (4063) 

4085 Medium | 0) aeaecem 4093, 4089, 4079, 

4225 _ Weak =| 0 (4223); J. (4220); N(4228) 

4295 Very strong | OIT (4295, 4304 

4370 Medium O II (4878, 4369, 4367); OI 
(4368) ; j,alr (4871 ) 

4510 Weak Air, N (450) 

4585 A Air, O IT (4591) 

4680 _ Air, OTT athe Loy NIil 
(4675); OIL ( 

4720 me | Air (4718) ; ort Gnd) 

5015 a r¢ (5019) ; NII (5011); 

N (5016) 
5445 a oO! (5437) 


ee eis. Soot aeee 

* The accuracy of the values will not be better ‘than : 0A., due to 
the low dispersion of the spectrcgraph. 

The surface of the sample of polonium showed quite 
black ; it is certainly oxidized due to the intensive 
z-radiation. The lines, obviously emitted mainly from 
the singly ionized.oxygen atom, are to be attributed 
probably to oxygen bound to polonium atoms. This 
seems to be shown by the spectrogram taken in 
position (2) of the polonium. The spectrogram showed 
only a somewhat stronger line at 4300 A., correspond- 
ing probably to the strong line at 4295 A. measured 
on the position (1) plate. Furthermore, indications 
of lines were detected at 3850 an:’ 3445 A. 

The ranges of wave-lengths of tl. . ontinuous bands 
measured on the spectrogram taken in position (2) 
are shown in Table 2. 

Table 2 


Wave-length | 
ranges of bands 


Wave-length 


ranges of bands | Intensities Intensities 


(A.) (A.) 
3730-3790 Weak 4135-4225 Very weak 
3790-3860 Medium 4225-4410 Very strong 
3860-3890 Weak 4660-4750 Weak 


| 
3890-4105 5085-6000 Increasing with | 


the wave-length | 


Strong 


4105-4135 | Medium | 


The bands found on the spectrogram in position (1) 
seem to cover essentially the same ranges as in 
position (2). 

It seems to be feasible to obtain spectrograms in 
a reasonable time also by a spectrometer of a higher 
dispersion, for example, the Hilger quartz spectro- 
meter (f/4), using a stronger polonium sample of a 
more suitable shape. Unfortunately, we cannot 
obtain such a source and therefore we publish these 
preliminary results. 

Finally, we express our sincere thanks to Prof. 
Madwar Bey, director of the Observatory in Helwan 
(Egypt), for allowing us to use the night-sky spectro- 
scope. 

G. ORTNER 
S. Sau 

Physics Department, 

Faculty of Science, 

Fouad I University, 

Cairo. 

Dec. 24 
McLennan and Ireton, Proc. Roy. Soc., 
* Kayser, H., 


A, 129, 31 (1930). 
“Tabelie der Hauptlinien der Linienspektren aller 


Elemente’’ (Berlin, 1926). 
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Observations on the Connexion between 
Intermedin and Adrenocorticotropic 
Hormone 


IN a communication which has recently appeared 
under the above title, Johnsson and Hégberg! have 
claimed that intermedin and adrenocorticotropic 
hormone (ACTH) are closely related or identical. 
Moreover, they have suggested that the assay for 
melanophore-expansion activity in the frog is “a 
rapid and simple method of testing for adrenocortico- 
tropic hormone’. Similar conclusions have been 
arrived at independently by Sulman?. Experimental 
evidence which we have obtained relating to this 
question does not support these claims. 

A number of preparations of sheep adrenocortico- 
tropic hormone’, having activities of from 30 to 100 
U.S.P. units/mgm. as based upon the adrenal ascorbic 
acid — depleting activity’, have also been assayed for 
melanophore-expansion potency using hypophysect- 
omized Rana pipiens. No positive correlation was 
observed between the two tests. In addition, activa- 
tion of intermedin activity by treatment with 0-1 N 
sodium hydroxide at 100° for five minutes’ has been 
found to decrease the ascorbic acid - depleting activity 
to one-twentieth of its original value. Furthermore, 
separation of intermedin and adrenocorticotropic 
hormone has been achieved by the use of a discon- 
tinuous pH gradient on oxycellulose* and by zone 
electrophoresis on paper’. 

A rather surprising result was obtained when 
anterior and intermediate lobes of frog pituitary were 
assayed for each activity ; although melanophore- 
expansion potency in the pars intermedia was thirty 
times greater than that in the pars distalis, the 
adrenocorticotropic hormone activity in the pars 
intermedia was about one-half that of the anterior 
lobe. 

Details of this work will be published elsewhere. 

Irvine I. GESCHWIND 
WILLIAM QO. REINHARDT 
CuoH Hao Li 
Department of Biochemistry and 
Division of Anatomy, 
University of California, 

Berkeley, California. April 30. 

1 Johnsson, S., and Hégberg, B., Nature, 169, 286 (1952). 
Sane ‘ G., Refuah Veter. (Israel), 9, 31 (1952); Nature, 169, 588 

3 Li, C. H., J. Amer. Chem. Soc., 74, 

* Sayers, M. A., Sayers, G., and Woodbury, L. 

(1948). 

5 Stehle, R. L., J. Pharmacol. Exp. 
* Geschwind, I. I., Porath, J. O., and Li, ¢ 

Soc., 74, 2121 (1952). 

7 Kunkel, H. G., and Tiselius, A., 


2124 (1952). 
A., Endocrin., 42, 379 


Therap., 57, 1 (1936). 


{., J. Amer. Chem. 


J. Gen. Physiol., 35, 118 (1951). 


A New Galactose-containing Compound 
from Mammary Glands 

DurinG the study of the carbohydrates of the 
mammary gland, a polysaccharide-like compound 
which contains glucose and galactose has been found. 
As it may be of importance in the long-sought 
mechanism of synthesis of lactose by this gland, it 
was decided to report its finding while its purification 
and the study of its structure are being pursued. 

The mammary glands of rats during the lactation 
period were extracted in a blender with 10 volumes 
of 5 per cent trichloracetic acid. After the acid was 
eliminated with ether and the extract neutralized 
and concentrated, the sugars were submitted to 
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paper chromatography. A mixture of ethyl 
acetate, pyridine and water’ was used as 
solvent. The papers were sprayed with 
benzidine acetate’. 

The accompanying illustration shows that, 
besides the expected spots of glucose (spot A) 
and lactose (spot B), three other spots ap- 
peared (C, D and E). Spot C is either a 
chromatographic artefact or a very loose 
complex of lactose with some component of 
the extract. When a boiled extract of mam- 
mary gland, from which the compounds of 
spots B (lactose) and C were previously elim- 
inated by fermentation with Saccharomyces 
fragilis, was mixed with chromatographically 
pure lactose and then chromatographed, spot 
C appeared. On the other hand, when spot C 
was extracted from the paper and run 
together with lactose in distilled water, they 
were not separated. 

Spots D and E correspond to compounds 
which are not fermented by S. fragilis. Their 
Ryylose have given values of 0-17—0-21 for 
spot D and 0-10-0-15 for spot E. They were 
purified by a method which includes elimina- 
tion of fermentable sugars with S. fragilis and 
elimination of ions by passing through 
columns of cationic and anionic resins. Com- 
pound D was hydrolysed in N sulphuric acid 
for 2 hr. at 100° C. and the hydrolysis pro- 
ducts run on paper. Two spots were found 
the Rxyiose of which had values identical with 
those of the reference glucose and galactose. 
The area and intensity of the two spots 
were approximately equal. The same result was 
obtained with spot EZ. As the preparations became 
dark during the hydrolysis, the possibility of the 
presence of other components which may be destroyed 
during the hydrolysis, or of a different relation 
between the two monosaccharides, has not been 
excluded. A milder treatment (10 min. in N sulphuric 
acid or 1 hr. in 0-5 N sulphuric acid) did not avoid 
completely the darkening process and showed, besides 
glucose and galactose, a component that behaved 
chromatographically as lactose (Rxylose, 0-58). An 
assessment of the size of the molecule made by 
applying the correction calculated from the extent 
by which the reducing power of lactose departs from 
a stoichiometrical relationship with glucose and 
galactose (cf. Bailey, Whelan and Peat*) indicates 
that spot D belongs to a tetra- or hexa-saccharide. 
No such study was made with the compound from 
spot £, of which insufficient has been obtained. 

In more recent experiments, we looked for sub- 
stances of spots D and E in the cow mammary gland. 
Compounds of similar chromatographic behaviour 
were found in lactating udders but not in non- 
lactating. In human and cow milks very faint spots 
appear in the zone of these polysaccharides. Liver 
and kidney of a lactating rat were devoid of them. 

A tracer experiment was performed to study the 
incorporation of labelled carbon-14 glucose into lactose 
and the substances of spots D and £. Slices of the 
mammary gland of rats in full lactation were in- 
cubated in the Krebs-Henseleit mixture of salt, plus 
4 mgm. of glucose with a specific activity of 1-3 x 10¢ 
counts min.-! mgm.-!. After an hour, the slices were 
separated from the medium and the carbohydrates 
of both fractions were run separately on paper. The 
position of the radioactivity was detected by a photo- 
graphic film. 
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Apart from the spot of glucose, radioactivity ap- 
peared in lactose and in the zone of D and E, without 
separation of the latter two. The opacities of the 
lactose and the polysaccharide spots were approx- 
imately equal in both the supernatant and the slices, 

The composition of spots D and E and the experi- 
ments with radioactive glucose strongly suggest {hat 
these substances are in some way connected with the 
formation of lactose. However, experiments devised 
in order to transform D and £ into smaller molecules 
by the action of dialysed homogenates of mammary 
gland have not been successful. In some experim« nts 
a very small degradation may have occurred ; |ut, 
either we have not obtained active homogenates, or 
some factor is still missing. Maceration juice of 
S. fragilis, which contains a very active lactase, did 
not attack D or E 

The radioactive lactose obtained in the above- 
mentioned experiment was hydrolysed, and it was 
found that the radioactivity was distributed in about 
equal amounts between glucose and galactose. ‘!’his 
gives further evidence that the transformation 
glucose -> galactose takes place in the mammary 
gland (cf. Folley*). We also looked for an enzymatic 
system similar to that which in S. fragilis effects the 
conversion galactose-1-phosphate — glucose-1-plhios 
phate’. Uridine-diphosphate-glucose*, the coenzyme 
of that system, is present in mammary gland but in 
quantities of the same order (about 0-3 pM/gm. of 
fresh tissue) as those previously reported for liver, 
kidney and other organs, where the function of 
uridine-diphosphate-glucose still remains unknown. 
It has also been possible to reveal the enzyme com- 
plex (galacto-waldenase) responsible for the reaction. 
This is the first instance in which these enzymes have 
been found in animal tissues. 

RANWEL CaPuTro 
Ratz E. Trueco 
Instituto de Investigaciones Bioquimicas, 
Fundaci6n Campomar, J. Alvarez 1719, 
Buenos Aires. Jan. 9. 
* Jermyn, M. A., and Isherwood, F. A., Biochem. J., 44, 403 (1949). 
* Bacon, J., and Edelman, J., Biochem. J., 48, 114 (1951). 
* Bailey, J. M., Whelan, W. J., and Peat, S., J. Chem. Soc., 3692 (1950) 
‘ Folley, 8S. J., Biol. Rev., 24, 310°(1949). 
5 Caputto, R., Leloir, L. F., Trucco, R. E., Cardini, C. E., and Paladini, 
A. C., J. Biol. Chem., 179, 497 (1949). 


* Caputto, R., Leloir, L. F., Cardini, C. E., and Paladini, A. C., J. Biol. 
Chem., 184, 333 (1950). 


A One-Dimensional Paper Chromatographic 
Technique for the Separation of Phenols, 
Phenolic Acids and their Derivatives 


THE following technique for the separation of 
phenols, phenolic acids and their derivatives by one- 
dimensional paper partition chromatography has 
been developed as part of a two-dimensional method 
(to be published shortly) for the investigation of 
serum and urinary phenols in patients suffering from 
acute urzmia. 

Various solvents have been used for the separation 
of such compounds. Bray, Thorpe and White! have 
used benzene — acetic acid — water, chloroform — acetic 
acid — water, benzene saturated with formic acid, and 
n-butanol — pyridine — sodium chtoride — ammonia mix- 
tures. Butanol-— pyridine mixtures in saturated 
sodium chloride solution were used by Evans, Parr 
and Evans*. Boscott* has separated urinary acids 
and phenols from steroids, using aqueous alkali of 
high salt concentration and n-amy] or n-butyl alcohol. 
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In an attempt to keep the size of the spots small and 
diserete, and to prevent tailing, Fewster and Hall‘ 
have used developing solvents containing buffer 
solutions. In the present work, buffered filter paper 
was used, with a new colour reagent for the detection 
of these compounds on paper chromatograms. 

Strips of Whatman No. 4 filter paper, 43 cm. x 
3 cm., are soaked for 20 min. in a buffer solution 
(pH. 8) consisting of 486-25 ml. of 0-02 M disodium 
hydrogen phosphate plus 13-75 ml. of 0-1 M citric 
acid. The papers are drained free of excess solution, 
and to prevent local accumulation of the buffer solu- 
tion they are dried horizontally at room tempera- 
ture. The chromatograms are run by the method 

capillary descent inside a two-litre measuring 
cylinder. The mobile phase consists of n-butanol 
saturated with an aqueous saturated solution of 
sodium bicarbonate. The water, saturated with 
sodium bicarbonate and n-butanol, is used to saturate 
the atmosphere of the cylinder. The chromatograms 
are dried in a current of warm air (c. 35° C.). When 
dry, they are sprayed with Millon’s reagent® (one 
part by weight of mercury is digested with two parts 
of fuming nitric acid; the resulting solution is 
diluted with two volumes of water). The chromato- 
gram is first sprayed lightly, using an all-glass 
atomizer, then dried at about 35°C.; a second 
spraying results in the production of colours, the 
development of which is complete in five hours at 
35°C. or longer at room temperature. No _ back- 
ground colour is produced, the spots being stable for 
at least one week in the absence of light. (The Ry 
factors, standard deviations, and the colours pro- 
duced by the compounds tested with Millon’s reagent, 
are shown in the accompanying table.) The above 
method has the advantage of a short development 
time, since the mobile phase runs a distance of 30 cm. 
in five hours at room temperature. 


No. 4312 


\romatic hydroxy | KF at S.D. of Colour with Millon’s 
compound | 22°C. Rr reagent 
Gentisic acid ; O-19 0-02 Yellow | 
2.4-Dihydroxy | | | 
benzoic acid 0-18 | 0-04 | Dark yellow | 
Pyrocatechol |} O-91 0-02 | Brown (instantaneous 
development) 
p-Hydroxy benzoic | | 
acid { 0-25 6-03 | Red 
m-Hydroxy benzoic j j ' | 
acid 0-21 +: O-04 | Yellow 
Salicvlamide | 0-91 } 0-01 Yellow 
o-Cresol | 0:96 0-01 Yellow 
m-Cresol | 0-94 0-01 | Yellow-brown 
p-Cresol } 096 | Ol | Green-yellow 
iiydroquinone . i Very pale yellow 
Saligenin ;} 0°93 0-02 Yellow 
Gallic acid 0-05 | 0°02 Yellow 
Phenol 0-95 | O01 


| Yellow | 


This work was carried out under a Medical Research 
Council grant for the investigation of acute renal 
failure, and my thanks are due to Dr. E. M. Dar- 
mady, senior pathologist, for his encouragement, and 
to Messrs. Balston for technical assistance. 

J. A. Durant 

Ktesearch Laboratory, Central Laboratory, 

Portsmouth and Isle of Wight Area 

Pathological Service, 
Milton Road, Portsmouth. 
Jan. 9. 

, H. G., Thorpe, W. V., and White, K., Biochem. J., 46, 271 and 

75 (1950); 47, xiii (1950). 
Bree A., Parr, W. H., and Evans, W. C., Nature, 164. €74 


’ Boscott, R. J., Biochem. J., 48, xIvii (1951). 
‘ Fewster, M. E., and Hall, D. A., Nature, 168, 78 (1951). 
’ Millon, E., C.R. Acad. Sci., Paris, 28, 40 (1849). 
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Chromatographic Detection of Acids in 
Cultures of Aspergillus niger on Various 
Substrates 


UNDER this title, Walker, Hall and Hopton! have 
described the formation of pyruvic and «-keto- 
glutaric acids from a glucose — arsenite medium. 
Further evidence for the close relationship of the meta- 
bolism of Aspergillus niger to the tricarboxylic acid 
cycle is now reported with the simultaneous identifica- 
tion of oxalic, gluconic, citric, malic, glycollic, 
succinic, pyruvic and fumaric acids. These products 
were separated for analysis on filter paper as free 
acids* or as the 2:4 dinitrophenylhydrazones’*. 
Approximate quantitative determinations were made 
by comparing the unknown spots with a range of 
standard acids of known concentration. Citrate and 
oxalate were also examined by more accurate 
methods*®. All metabolic solutions were inoculated 
with a spore suspension of A. niger, which rapidiy 
formed an actively growing mycelium. 

When the organism was grown on Currie’s medium® 
containing 14 per cent (w/v) glucose adjusted to 
pH 5-5-6-5, the culture filtrate was found to contain 
gluconic and citric acids in the early stages of develop- 
ment. Later, succinic and traces of oxalic acids also 
appeared, but never in as high concentrations as with 
the C, acids. Citric acid was always present in similar 
or larger amounts than gluconic acid. 

A second medium containing sodium acetate (3 per 
cent w/v acetic acid) pH 6-8 instead of glucose led 
to the formation of large amounts of oxalic and 
smaller amounts of succinic acids as the only acids 
at the commencement of growth. These were followed 
by the appearance of citric, malic and fumaric acids, 
with the three C, products frequently being present 
in larger concentrations than in the case of citrate. 
Finally, citric acid disappeared completely, whereas 
malic, succinic and fumarie acids were still detected. 
The latter compounds were evidently being produced 
at the expense of citrate (cf. refs. 7, 8) as the increase 
in production of oxalate far exceeded the utilization 
of the remaining acetate. Glycollic and glyoxylic 
acids were also recognized by colour reactions® and 
were especially prominent at the period of maximum 
oxalate synthesis. Pyruvic acid was detected in the 
form of its 2:4 dinitrophenylhydrazone. 

A mixed medium of glucose and sodium acetate (up 
to 3 per cent acetic acid) pH 5-5-6-5 yielded princi- 
pally citric acid, while succinic and oxalic acids were 
found only in small amounts and with fumaric acid 
in the final stages of growth. Gluconic acid was also 
provided in the later phases of metabolism, in con- 
trast to cultures grown on glucose in the absence of 
acetate. This may have been due to the slower rate 
of oxidation of glucose when acetate was absent. 
One sample of culture filtrate which was subjected to 
exhaustive extraction also revealed citric, malic, 
glycollic, succinic and fumaric acids. An unknown 
acid was also found on the chromatogram, but at 
present it has not been further identified except by 
the evidence that its position is close to that given 
by aconitic, itaconic, glutaric or adipic acids. Saka- 
guchi and Baba?® have already reported upon the 
production of aconitic acid from glucose by A. niger. 

From the above results with acetate, it appears 
that the initial stages in the oxidation of this sub- 
strate consist of oxalate production accompanied by 
a C,—C, condensation to succinate, which in turn 
provides fumaric and malic acids. In the presence 
of glucose and acetate, however, the organism can 
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effect a more rapid and complete metabolism in which 
the former C, products are incorporated into citrate 
so that less acetate is available for conversion to 
oxalate. 
Other aspects of this work will be reported else- 
where. 
G. HALLIWELL 
Courtauld Institute, 
Middlesex Hospital, 
London, W.1. Jan. 16. 
1 Walker, T. K., Hall, A. N., and Hopton, J. W., Nature, 168, 1042 
(1951). 
2 Lugg, J. W. H., and Overell, B. T., Nature, 160, 87 (1947) ; Aust. 
J. Sci. Research, A, 1, 98 (1948). 
? Cavallini, D., Frontali, N., and Toschi, G., Nature, 168, 568; 164, 
792 (1949). 
‘Taussky, H. H., and Shorr, E., J. Biol. Chem., 169, 103 (1947). 
5 Halliwell, G., Anal. Chem., 22, 1184 (1950). 
* Currie, J. N., J. Biol. Chem., 31, 15 (1917). = 
? Challenger, F., Subramaniam, V., and Walker, T. K., J. Chem. 
Soc., 200, 3044 (1927). 
® Lynen, F., and Lynen, F., Ann., 560, 149 (1948). ! : 
* Deniges, G., Ann. chim. Phys., 18, 178 (1909). Neuberg, C., Biochem. 
Z., 24, 436 (1910). B 
1© Sakaguchi, K., and Baba, S., J. Agric. Chem. Soc. Japan, 18, 1127 
(1942). 


Paper Chromatography of Natural Resins 


Apart from an early attempt by Stock' to adapt 
a method of capillary analysis on filter paper for the 
examination of natural resins, the potentialities of 
the chromatographic technique in this field do not 
seem to have been investigated. The present com- 
munication deals with the application of paper 
partition chromatography to the identification of 
natural resins and the separation of the constituents 
present, with particular reference to dammar and 
mastic. It has been found that such a separation 
can be readily achieved in a reversed-phase system 
using odourless kerosene (boiling range 180° 200° C.) 
as the stationary phase on 
the filter paper and aque- 
ous éso-propanol saturated 
with odourless kerosene as 
the mobile phase. The 
filter paper strips (What- 
man No. 1) are impreg- 
nated by dipping them in 
a 25 per cent solution of 
odourless kerosene in ether, 
excess solution being re- 
moved by pressing be- 
tween sheets of filter paper. 
About 0-2 mgm. of the 
resin dissolved in acetone 
or chloroform is spotted 
at the origin, and a de- 
scending chromatogram is 
run at 21°C. using the 
lower phase of the system 
iso-propanol (7-5 parts), 
water (2-5 parts) and 
odourless kerosene (1 part) 
as solvent. (For the 
faster-moving spots a bet- 
ter separation is achieved 
using 6-5 parts of iso- 
propanol.) The solvent 
front moves slowly, usu- 
ally about 25 cm. in 
twenty-four hours; but 
the actual distance may 
vary with slight changes in 


Origin 





Solvent 
front 
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the experimental conditions. The strips are dried, and 
the chromatogram is developed by spraying with 
fifty per cent (w/v) solution of phenol in carbon 
tetrachloride and exposing to bromine vapour for 
short period. Those resin components which give g 
positive Halphen-Hicks test* are shown up as 
coloured zones normally varying in hue from pink to 
violet, but with certain resins blue or yellow zones 
appear. These colours fade rapidly if left exposed to 
the air, but will remain fairly bright for about a week 
if the strips are kept in a closed box. 

Each of the resins so far tested, namely, dammar, 
mastic, sandarac, rosin, elemi and copal, gives a 
characteristic chromatogram, which may be dis. 
tinguished by virtue of the number, colour and Rp 
values of the coloured zones. As a typical example 
we reproduce in the accompanying photograph the 
chromatogram given by dammar. The slowest- 
moving spot is due to the B-resene component of 
dammar, but the remaining zones have not yet been 
identified as corresponding to the other constituents 
of dammar described in the literature. Although this 
system constitutes a reliable test for the identification 
of individual resins, it has been primarily developed 
as @ convenient method for following the course of 
larger-scale separations on an alumina column of the 
components of dammar and mastic resins. The 
results of this work will be published elsewhere. 

This investigation is part of a programme of work 
which has been rendered possible by a grant from the 
Nuffield Foundation to Mr. F. I. G. Rawlins. One 
of us (J. S. M.) is indebted to the same Foundation 
for the award of a scholarship. 

J. S. Mrzs 
A. E. A. WERNER 
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National Gallery, 
London, W.C.2. 
May 5. 
' Stock, E., Farb.-Z., 31, 1903 (1927). 
2 J. Indust. Eng. Chem., 3, 86 (1911). 


Release of Histamine from Rat Diaphragm 
by Cobra Venom 


SEVERAL substances like strychnine, adrenaline and 
curare alkaloids are known to set free histamine 
from skeletal muscle. The reiease of histamine from 
rat diaphragm by ammonia! and b-tubo-curarine 
chloride? has recently been reported. Feldberg and 
Kellaway* have shown that snake poisons liberate 
histamine from the perfused lungs of guinea pigs and 
cats. The experiments described here demonstrate 
that cobra (Naia naia) venom is a potent liberator of 
histamine from striated muscle of the rat. 

A portion of the rat diaphragm was placed in 5 ml. 
oxygenated warm (37° C.) Tyrode solution, while a 
similar part of the muscle was immersed in the same 
way in Tyrode solution containing different con- 
centrations of cobra venom. These solutions were 
replaced by fresh ones every five minutes. The active 
substance released from the muscle by the snake 
venom stimulated guinea pig’s intestine suspended 
in Tyrode solution like histamine. The contractions 
produced by the liberated substance and matched 
doses of histamine were reduced almost to an equal 
degree by ‘Antistin’ (CIBA) and ‘Benadryl’ (P and 
D) but were unaffected by atropine. The active agent 
was therefore either histamine or a substance very 
similar to it. The liberated histamine was estimated 
biologically on isolated guinea pig’s ileum suspended 
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Total release of histamine from rat diaphragm when immersed for 
» successive periods of 5 min. in ‘| yrode solution containing cobra 
venom 


‘in Tyrode solution. Before assay, the gut was de- 
) sensitized’ to the action of cobra venom. The 
‘histamine content of the muscle was estimated*® as 
required. We also found that Tyrode solution itself 
released small quantities of histamine from the 
diaphragm*. The histamine content .of rat dia- 
phragms (eight experiments) varied from 14 to 
21 ugm./gm. of fresh tissue. 

The amounts of histamine liberated by cobra 
venom (average of five experiments) are represented 
graphically ; doses of 25-50 ygm./ml. (not shown) of 
the venom gave intermediate values. ‘The release 
of histamine increased with increasing doses of the 
venom, and of the liberated amount 50 60 per cent 
was set free from the tissue during the first ten 
minutes. At @ concentration of 100 ugm./ml. of the 
venom, the tissue was nearly depleted of its store of 
histamine in the course of 45 min., for at the end of 
the experiment the diaphragm was found to contain 
on an average 2-5 ugm. of histamine/gm. of fresh 
tissue. When the experiment was continued for half 
an hour more, the muscle was completely free from 
histamine. 

“he symptorns of poisoning in man due to snake 
venoms at some stages simulate that of the acute 

ects of histamine on tissues‘. The release of 
histamine by the venom may account for such 
symptoms. The foregoing results suggested that anti- 
histamines might afford some protection to the rat 
from the deleterious effect of the venom. ‘Pyri- 
benzamine’ (CIBA, 10 mgm./kgm. subcutaneously) 
and ‘Antistin’ (56 mgm./kgm. intraperitoneally) given 
before or along with the venom (0-5 mgm./kgm. 
intravenously) did not significantly alter the survival 
periods (50-115 min.) of adult rats. Investigation is 
proceeding in order to ascertain the mechanism of 
histamine release by the venom and how far the liber- 
ated histamine is responsible for bringing about the 
death of the animal. 











N. K. Dutra 


K. G. A. NARAYANAN 
Haffkine Institute, 
Bombay 12. Jan. 7. 
Schild, H. O., Nature, 164, 24 (1949). 


tocha e Silva, and Schild, H. O., J. Physiol., 109, 448 (1949). 
; Feldberg, ve and Kellaway, C. H., J. Physiol., 90, 257 (1937). 
‘Chopra, R. N., and Chowhan, J. S., Ind. Med. Gaz., 74, 422 (1939) 
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Distribution of ABO-MN and Rh Types 
among Eskimos in South-west Greenland 





In the early summer of 1951, an epidemic of 
measles in south-west Greenland gave us an oppor- 
tunity of carrying out a number of blood-typing tests 
on 187 non-related Eskimos of pure race. The 
distribution of the blood types observed is evident 
from the following tabulation. 










ABO and MN groups: 























































A's = = per cent M: 67°38 per cent 
Observed pheno- B: = N: 4°28 oa 
type distribution AB: 2 0 ~ MN 28-40 sa 
O: 41-40 = 
Total number of persons tested : 187. 3 
Calculated fre- a: ° : <a =: othe 
quency of gene r: 0-6434 
Expected pheno- 
type distribution A: 49°14 per cent M: 66°53 per cent 
calculated from B: 6-01 eS N: 3°42 o 
the frequency of AB: 2°88 ae MN; 30°15 ” 
the gene 
D(aBo) 1—(p+q+r) = 0°0017. P.E.p = 0°0058 
D(a) 1 — (m + n) 0-0279. P.E.p = 0°0247 
Rhesus types 
Observed reaction anti-c : _ _ + 
types on employ- a & + + > - oa 
ment of mentioned eo D: ae + + + > 
sera » B: + - - + + 
Most frequent genotypes sig- CDe CDe De CDe cDE 
nified by the reaction types CDE cDe ‘De CDE CDE 


Distribution of the reaction 
types 33°55 3°17 52-53 5-06 5-70 per cent 
Total number of persons tested with the four antibodies: 158 


Gene distribution if all the observed 


reaction types only signify the CDze CDE cDE cDe 

above genotypes 72°42 2°53 22°47 1-58 per cent 
Calculated gene distribution (calcu- 

lated as if only the above genes CDe CDE cDE cDe 

occur in the material) 72-48 3:49 23-88 2-19 per cent 


CDe 
The frequency of “7, is not used in the caiculation 


of the gene distribution. According to the observa- 
calculated gene frequencies it is 0-3461 (the deviation 
is about one-half of the probable maximum deviation), 
sc it is most improbable that genes other than the 
above-mentioned (for example, cde) occur in an 
appreciable number in the material. 

Further, only five persons were found with the 
reaction type c+C+D+E-—. This frequency cor- 


responds to the frequency of the genotype ain in 


the Rh-positive part of a European population. So 
it seems reasonable that the Rh-negative gene (d) did 
not occur in the present material. 

The low frequency of gene N is a conspicuous 
feature. This has been found previously from the 
examination of Eskimos in East Greenland!. The 
same phenomenon is encountered in the Indian tribes 
of North America, whereas Mongoloid races—to 
which the Eskimos usually are referred—do not 
present this character. 

In this material the gene d did not occur. This 
seems a common trait too for the earlier tested 
Mongoloid races. 

V. AHRENGOT 
K. ELDON 
blood Grouping Department, 
State Serum Institute, 
Copenhagen. 
Jan. 23. 


1 Fabricius-Hansen and Vibeke, J. Immunol., 38, 523 (1929). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, June 23 
KOYAL GEOGRAPHICAL SociETY (at 1 Kensington Gore, Loncon, 
S.W.7), at 3 p.m.—Annual General Meeting. 
Tuesday, June 24 
ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, London, 
- il 


W.C.1), at 5.30 p.m.—Annual General Meeting; Mr. J. P. Mills: 
“The Mishmis of the Lohit Valley, Assam’’ (Presidential Address) . 


Tuesday, June 24—Saturday, June 28 
INSTITUTE OF PHYSICS (at the Royal Technical College, Glasgow). 
—4th Industrial Physics Conference and Exhibition: “Physics in 
the Transport, Shipbuilding and Engineering Industries’. 


Thursday, June 26—Friday, June 27 


_ BRITISH SOCIETY OF RHEOLOGY (at the Low Temperature Research 
Station, Downing Street, Cambridge)—Symposium on “Sprays, 


Drops and Aerosols’. 
Friday, June 27 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, London, W.C.1), at 5.30 p.m.— 
Prof. D. L. Drabkin: ‘“‘The Precarious Homeostasis of Iron’’.* 


Friday, June 27—Saturday, June 28 
PHYSICAL SOCIETY, OPTICAL GROUP (at the H. H. Wills Laboratory, 
Bristol).—Summer Provincial Mceting. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT (Grade B) IN THE DEPARTMENT OF PURE SCIENCE, 
Municipal College of Technology and Commerce, to teach either 
organic or physical chemistry to B.Sc. Special standard and also to 
take work at lower standard—The Education Officer, Town Hall, 
Bournemouth (June 28). 

SENIOR LECTURER IN BIOLOGY in the Department of Chemistry 
and Biology—The Principal, Acton Technical College, High Street, 
Acton, London, W.3 (June 28). 

SENIOR PHYSIOLOGIST at the Neuropsychiatric Research Centre, 
Whitchurch Hospital, to engage in full-time research on fundamental 
problems canal to the nervous system—The Secretary, Welsh 
Regional Hospital Board, Temple of Peace and Health, Cathays Park, 
Cardiff (June 28). 

ASSISTANT (Grade B) FOR CHEMISTRY (higher national certificate) 
at the Technical College—The Director of Education, 63 Hamilton 
Square, Birkenhead (June 30). 

FIELD OFFICER in a tsetse survey and reclamation team working in 
the Southern Sudan—The Sudan Agent in London, Wellington House, 
Buckingham Gate, London, S.W.1, endorsed ‘Field Officer’ (June 30). 

LECTURER IN ELECTRICAL ENGINEERING—The Registrar, College 
of Technology, Manchester 1 (June 30). 

LECTURER IN ENTOMOLOGY in the Department of Zoology—The 
Registrar, University College, Hull (June 30). 

ASSISTANT LECTURER or LECTURER IN ZOOLOGY (preferably with 
special qualifications in comparative physiology and/or parasitology) 
—tThe Registrar, The University, Leeds 2 (July 1). 

LECTURER IN CHEMISTRY—The Registrar, College of Technology, 
Manchester 1 (July 1). 

LECTURER (with a University degree in one of the social sciences) 
IN THE SCHOOL OF SOCIAL SCIENCE, Victoria University College, 
Wellington, New Zealand—The Secretary, Association of Universities of 
the British Commonwealth, 5 Gordon Square, London, W.C.1 (July 1). 

PERRING SCHOLARSHIP IN AERONAUTICS—The Registrar, College 
of Aeronautics, Cranfield, Bletchley, Bucks (July 1). 

LECTURER IN GEOLOGY (stratigraphy and palxontology)—Dr. R. 8. 
Nockolds, Department of Mineralogy and Petrology, The University, 
Downing Street, Cambridge (July 10). 

FARM MANAGER (preferably with a degree in agriculture, and 
experience of tropical agriculture, stock management and farm 
machinery) in the Department of Agriculture, University College, 
Ibadan—The Secretary, Inter-University Council for Higher Educa- 
tion in the Colonies, 1 Gordon Square, London, W.C.1 (J 2 

SENIOR RESEARCH OFFICER OF RESEARCH OFFICE in the Regi 
Pastoral Laboratory, Division of Plant Industry, Deniliquin, N.S.W., 
for the study of pasture production and management under irrigation 
(Ref. No. 3861); a SENIOR RESEARCH OFFICER in the Minerals 
Utilization Section, Division of Industrial Chemistry, Fishermen’s 
Bend, Melbourne, primarily to undertake research concerned with 
the inorganic chemical processing of Australian minerals containing 
titanium and related elements, with particular reference to the non- 
metallic derivatives obtainable therefrom (Ref. No. 3870); and a 
RESEARCH OFFICER in the Minerals Utilization Section, Division of 
Industrial Chemistry, Fishermen’s Bend, initially to undertake re- 
search investigations in the chemical processing of Australian minerals 
containing zirconium and related elements (Ref. No. 3871)—The Chief 
Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W.C.2, quoting the appropriate Kef. No. 
(July 12). 

LECTURER IN CIVIL ENGINEERING at Canterbury University College, 
Christchurch, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth, 5 Gordon Square, London, W.C.1 
(July 15). 

PROFESSOR OF PHILOSOPHY in Canterbury University College, 
Christchurch, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth, 5 Gordon Square, London, W.C.1 


(July 20). 
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SENIOR PRINCIPAL SCIENTIFIC OFFICER (with a first- or second-class 
honours degree in a science subject or equivalent qualification, and 
thorough knowledge of aerodynamics) in the Aerodynamics 1 ivisioy 
of the National Physical Laboratory, to take charge of a group of 
staff working on basic high-speed and low-speed aerodynamic prob. 
lems related to aircraft—The Civil Service Commission, Scicatifie 
Branch, Trinidad House, Old Burlington Street, London, W.1, quoting 
$.4147/52 (July 24). 

_ LECTURER IN GEOGRAPHY at Auckland University College (Univer. 
sity of New Zealand)—The Comaiaty. Association of Universities of 
the British Commonwealth, 5 Gordon Square, London, W.C.1 (July 31), 

PROFESSOR OF SURVEYING in the University of the Witwatersrand, 
Johannesburg—The Secretary, Association of Universities of the 
British Commonwealth, 5 Gordon Square, London, W.C.1 (July 31), 

SENIOR LECTURER IN AERONAUTICS at the University of Sydney— 
The Secretary, Association of Universities of the British Conmop- 
wealth, 5 Gordon Square, London, W.C.1 (July 31). 

_ ASSISTANT (Grade B) IN INORGANIC CHEMISTRY, mainly to teach 
inorganic chemistry to B.Sc. (Special) ~~ standard, at Constantine 
Technical College—The Director of ucation, Education Oifices, 
Middlesbrough. 

ASSISTANT LECTURER (Grade B) IN BIOLOGY, mainly for botany, 
at the College of Technology and Commerce—The Director of Educa- 
tion, City Hall, Cardiff. 

CHEMIST to work in the Department of Clinical Endocrinology 
on an investigation of protein hormones—The House Governor, 
Birmingham and Midland Hospital for Women, Showell Green Lane, 
Birmingham 11. 

GEOLOGIST in the Public Works Department, Sudan—The Sudan 
Agent in London, Wellington House, Buckingham Cate, London, 
S.W.1, quoting ‘Geologist 1810’. 

INORGANIC CHEMISTS in the Division of Atomic Energy (Production), 
Research and Development Branch, Windscale Works, Sellafie!d, to 
undertake experimental work on problems in inorganic chemistry— 
The Ministry of Supply, Division of Atomic Energy (Production), 
Risley, Warrington, Lancs, quoting Ref. 336. 

MECHANICAL and ELECTRICAL ENGINEERS in the Public Works 
Department, Sudan—The Sudan Agent in London, Wellington H ouse, 
Buckingham Gate, London, 8.W.1, quoting ‘Mech./Elec. Engineer 1813’, 

MYCOLOGISTS (with a special interest in taxonomic mycology, 
particularly of the micro-fungi)—The Director, Commonwealth 
Mycological Institute, Ferry Lane, Kew, Surrey. 

NON-MEDICAL BACTERIOLOGIST (University graduate holding the 
B.Sc. (Bacteriology))—The Superintendent, Royal Hospital, West 
Street, Sheffield 1. 

PERMUTIT CO., LTD., POSTGRADUATE RESEARCH Bursary for 
research into the physical chemistry of ion exchange—The Registrar, 
Imperial College of Science and Technology, South Kensington, 
London, 8.W.7. 

PHYSICAL CHEMIST and an INORGANIC CHEMIST in the Division of 
Atomic Energy (Production), Research and Development branch, 
Windscale Works, Sellafield, to undertake research work on a wide 
range of problems in applied chemistry—The Ministry of Supply, 
Division of Atomic Energy (Production), Risley, Warrington, Lancs, 
quoting Ref. 335. 

SCIENTIFIC ASSISTANT (with a degree in agriculture or natural 
science with a knowledge of foreign languages, preferably Spanish 
and Portuguese) for examining and abstracting scientific literature 
on grassland and field-crop research, and an INDEXER (Librarian) to 
take charge of an agricultural library, to classify and index scientific 
literature—The Director, Commonwealth Bureau of Pastures and 
Field Ciops, Aberystv7yth. 

SENIOR CHEMIST in the Division of Atomic Energy (Production), 
Research and Development Branch, Springfields Factory, Salwick, 
Preston, to apply fundamental scientific information to the develop- 
ment of industrial processes for the reduction, recovery and chemical 
purification of unusual metals—The Ministry of Supply, Division of 
a Energy (Production), Risley, Warrington, Lancs, quoting 
Kef, 329. 

SENIOR EXPERIMENTAL OFFICER in the Division of Atomic Energy 
(Production), Research and Development Branch, Windscale Works, 
Sellafield, to undertake experimental work on problems in the metal- 
lurgy of radioactive metals—The Ministry of Supply, Division of 
Siete Energy (Production), Risley, Warrington, Lancs, quoting 
Ref, 339. 

SENIOR PHYSICIST in the Division of Atomic Energy (Production), 
Research and Development Branch, Springfields Factory, Salwik, 
to lead a team engaged in either (a) physical measurements ; contrel 
and instrumentation of industrial processes; under the development 
of physical methods to assist other teams working on chemistry or 
metallurgy ; or (b) operational research as applied to industrial pro- 
cesses—The Ministry of Supply, Division of Atomic Energy (i ro- 
duction), Risley, Warrington, Lancs, quoting Ref. 328. 

SENIOR SCIENTIFIC OFFICER (with a first- or second-class honours 
degree in science, preferably in chemistry or fuel technology, and at 
least three years postgraduate experience) in the Underground 
Gasification Scheme of the Ministry of Fuel and Power—The Ministry 
of Labour and National Service, Technical and Scientific Register (i), 
Almack House, 26 King Street, London, 8.W.1, quoting F. 385/52A. 

SENIOR SCIENTIFIC OFFICER in the Division of Atomic Energy 
(Production), Research and Development Branch, Windscale Works, 
Sellafield, to carry out research work on the metaliurgy of radioactive 
metals—The Ministry of Supply, Division of Atomic Energy (Pro- 
duction), Risley, Warrington, Lancs, quoting Ref. 338. 

SPRAYING ENGINEER to the Sudan Gezira Board, to be in charge 
of the spraying programmes, both contract and self-operated, under 
the direction of the Technical Adviser and Field Manager, and to 
check contract work—The Sudan Agent in London, Wellington House, 
Buckingham Gate, London, S.W.1, quoting ‘Spraying E eer 2409’. 

WELDING METALLURGIST in the Division of Atomic Energy (Pro- 
duction), Research and Development Branch, Windscale Works, 
Sellafield, to undertake experimental work on the welding and metal- 
lurgy of ferrous and non-ferrous materials—The Ministry of Supply, 
Division of Atomic (Energy (Production), Risley, Warrington, Lancs, 
quoting Ref. 337. 
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